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THE ANNUAL MEETING 

The Annual Meeting this year will comprise sessions upon a 
greater variety of topics than have ever been arranged for a meeting. 
No less than ten sessions are contemplated with papers grouped to 
form symposiums upon various subjects. ‘J is broadening of the 
Society’s work is the result of the sub-committees lately appointed 
under the direction of the Committee on Meetings. The publication 
of the papers for the Annual Meeting began in the September number 
of The Journal, and others will appear in the December number or 
be printed in pamphlet form for distribution at the meeting and 
published in later issues of The Journal. The papers already pub- 
lished are as follows: 


The Principles of Valuing Property, Henry Kk. Rowell 

Increase of Bore of High-Speed Wheels by Centrifugal Stresses, Sanford A. 
Moss 

Investigation of Efficiency of Worm Gearing for Automobile Transmission, 
Wm. H. henerson 

Measurement of Air in Fan Work, Charles H. Treat 

The Baltimore Sewerage Pump Valve, A. F. Nagle 

The Vauclain Drill, A. C. Vauclain and Henry V. Wille 

Tests of a 1000-H.P., 24-Tubes High B. & W. Boiler, B. N. Bump 

The V-Notch Weir Method of Measurement, D. Robert Yarnall 

Dimensions of Boiler Chimneys for Crude Oil, C. R. Weymouth 

Air in Surface Condensation, George A. Orrok 

The Centrifugal Blower for High Pressures, Henry F. Schmidt 

Measurement of Natural Gas, Thos. R. Weymouth 


» 
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One whole session will be devoted to reports of technical com- 
mittees which it is expe cted will be of as great interest as any other 
single feature of the professional sessions. One of the reports is an 
exhaustive document prepared by the Power Tests Committee. 
When finally revised and submitted to the Council, this will supersede 
the earlier reports upon methods for conducting trials of pumping 
engines, locomotives, steam boilers and steam engines, besides taking 
up the testing of other apparatus, such as gas and oil engines, water- 
wheels, and compressors, blowers and fans. The latest Society report 
upon any of these subjects was in 1902 and the earliest in 1890, 
twenty-two years ago, So that the need for revision is evident. 

The general arrangement of the sessions will be substantially as 


follows: 


TENTATIVE PROGRAM 


T iesday Eve ning, De cember 3 


President’s Address followed by the reception to the president-elect, the retur 
ing president, Dr. Alex. C. Humphreys, and their ladies 
Wedne sday Vornina, De cember 4 
Business meeting, followed by simultaneous sessions, under the direction of 
the Gas Power Section and the sub-committees on Machine Shop Practice and 
Textiles 
Wednesday Afte rnoon 
Reports of Committees, Power Tests, Symbols, ete 
a ednesday Eve ning 
Dinner to Professor John E. Sweet, Honorary Member and Past President, in 
celebration of his eightieth birthday and in recognition of his services to the 
engineering profession, given by his friends and members of the Societ 
Thursday Morning, December 5 
Simultaneous sessions under the direction of the sub-committees on Railroads, 
Iron and Steel, and Cement Manufacture 
Thursday Afternoon 
Sessions on the Power Plant, and on Hydraulic and Pneumatic Apparatus 
including centrifugal pumps, blowers and the measurement of flow of fluids 
Thursday Evening 
Reunion and dance, with collation 
Friday Vornir qd, December 6 
Session of the Sub-Committee on Administration, presenting a review of the 


+ 


present state of the art of managemen 


The list of papers for the Machine Shop session is a strong one 
and includes the results of tests and investigations as well as machine 
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shop operations. At the Textile session the valuation of property 
and the special requirements of power plants for textile mills are the 
subjects for discussion. The sub-committee on Railroads have papers 
on train lighting, electric locomotives and the locomotive problem, 
and at the Iron and Steel session the most advanced achievements 
in iron and steel manufacture will be the subject. At the Cement 
session the subjects of depreciation and obsolescence and of accidents 
are to be treated. 

On Friday the whole session, and the whole day if necessary, will 
be devoted to a review of the present state of the art of industrial 


management. 


RATLROAD TRANSPORTATION 


Arrangements for hotel, transportation and Pullman car accommo- 
dations should be made personally. 

For members and guests attending the Annual Meeting in New 
York, December 3-6, 1912, the special rate of a fare and three-fifths 
for the round trip, on the certificate plan, is granted when the regular 
fare is 75 cents and upwards, from territory specified below. 

a Buy your ticket at full fare for the going journey, between 
November 29 and December 5 inclusive, and get a certifi- 
cate, not a receipt, securing these at least half an hour 
before the departure of the train. 

6b Certificates are not kept at all stations. If your station 
agent has not certificates and through tickets, he will 
tell you the nearest station where they can be obtained. 
suv a local ticket to that point and there get your cer- 
tificate and through ticket. 

ce On arrival at the meeting, present your certificate to the 
registration desk at the Hea lquarters. \ fee of 25 cents 
will be collected for each certificate validated. No cer- 
tificate can be validated after December 6. 

d An agent of the Trunk Line Association will validate certifi- 
cates, December 4, 5, 6. No refund of fare will be made 
on account of failure to have certificate validated. 

é One-hundred certificates and round trip tickets must be 
presented for validation before the plan is operative. 
This makes it important to show the return portion of 
your round trip ticket at Headquarters. 
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Fd If certificate is validated, a return ticket to destination can 
be purchased, up to December 10, on the same route over 
which the purchaser came, at three-fifths the rate. 

This special rate is granted only for the Trunk Line Association, 
including: 
All of New York east of a line running from Buffalo to Salamanca, all of 


ill O! 


Pennsylvania east of the Ohio River, all of New Jersey, Delaware and M iry- 
land; also that portion of West Virginia and Virginia north of a line running 


tirough Huntington, Charleston, White Sulphur Springs, Charlottesville, and 
Washington, D. C 


THE JOINT MEETING IN LEIPZIG 


General plans for the itinerary of the Society’s visit to the German 
Verein have been presented to the Committee on Arrangements by 
Dr. Matschoss, their special representative, and their adoption how 
depends mainly on an approximately correct list of members and 
guests who will compose the party. 

Preliminary estimates of the cost of the excursion here given will, 
it is hoped, enable members to reply more definitely to our circular 
of August 27, for the cost of steamship and railroad fares depends 
directly on the number of participants. 

We can accommodate from 160 to 200 first-class passengers; 
about 80 on two promenade decks, the others on the upper and 
main decks. Prices, according to location, range from $90 to $130 
per berth. This includes first-class passage from New York to the 
German port, with meals and hot and cold salt water baths, and 
railroad fare to Bremen or Hamburg. The railroad fare from there 
to Leipzig will be $5 each on regular express trains, but if at least 
160 members and guests take part, a special train can be furnished 
at about $2.50 per person. The excursion from Leipzig to Dresden, 
serlin, Diisseldorf, Essen, Cologne, Wiesbaden, Frankfurt, Heidel- 
berg, Niirnberg and Munich will cost from $23 to $26 each, with 
probably a similar liberal deduction if a special train is chartered 
for not less than 160 passengers. 

German railways have first, second, third and fourth-class car- 
riages. There is no difference between first and second-class except 
the color of the upholstery and the seating capacity, first-class 
having six seats and second-class eight seats per section. As a 
rule, well-to-do Germans travel in second-class carriages, first-class 
being patronized by high officials and foreigners unfamiliar with the 
customs of the country. For short trips of less than five hours, most 








SOCIETY AFFAIRS 


~ 


Germans on their summer vacation tours travel third-class, the 
carriages of which are roomy and clean, with plain wooden seats. 

The figures above given are for second-class coaches throughout. 
Dining cars accommodate first and second-class passengers only. 
Hotel accommodations can be had at American prices if American 
style and luxury are desired. But the hotels patronized by native 
travelers are much cheaper, serve excellent meals and are scrupu- 
lously neat. Single rooms with private bath cost $2.50 to $3.50 per 
day; double rooms from $3.50 to $6.00. Single rooms without bath 
from $1.00 to $2.00; double rooms from $2.50 to $5.00, and excellent 
baths can be had on the same floor for 35 to 50 cents. In every 
city there are first-class swimming baths. 

Good meals on dining cars and excellent meals in hotels range 
from 35 cents for breakfast to 75 cents and one dollar for dinner. 
Germans generally dine at midday, and take coffee or tea in public 
gardens where a band plays, and supper in garden restaurants; 
rates about 25 per cent less than in the United States. 

In the matter of meals there is a radical difference between hotels 
in Europe and America. The steam table which reduces all viands 
to mediocre similarity is unknown in Europe. Meals are served at 
stated hours fresh from the chef’s hands, each course distinguishable 
without reference to the bill of fare, incidentally reducing the cost 
of service. The result is that meals in the smaller and cheaper 
hotels are much better than in houses of the same class here. 

With the very reliable Baedeker in your pocket you can travel 
on the continent at much less cost than here. 

A gentleman who recently traveled in Germany and France with 
two ladies for three and one-half months reports total expense, ex- 
clusive of steamer fare, at $5.10 per day per person. 


COMMITTEE ON ARRANGEMENTS 


AMENDMENT TO BY-LAW 18 


At a meeting of the Council, October 8, By-Law 18 was amended 
to read as follows: 


B18 The Council at any meeting may, in its discretion, permanently remit 
the dues of any Member of the Society who has paid thirty years’ dues or who 
shall have reached the age of seventy years after having paid twenty-five years’ 
dues, provided that notice of such proposed action shall have concurred in recom- 
mending that this action be taken. The Council may, in its discretion, restore 
to membership any person dropped from the rolls for non-payment of dues, or 
otherwise, upon such terms and conditions as it may at the time deem best for 
the interests of the Society. 
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MEETINGS OF STUDENT BRANCHES 


With the reopening of the universities, meetings of the Student 
Branches of the Society, which now number twenty-five with a total 
membership of 700, have been resumed with customary vigor. 
Although it is possible to publish no more than very brief accounts 
of these meetings from time to time, much work of real prof ssional 
merit is being accomplished in these branches, which deserves wider 
mention. In some of the branches, outside speak rs of prominence 
in the engin ering world are secured to address the college at inter- 
vals on vital aspects of the profession, while in others members meet 
to discuss the papers presente d at meetings of the society. Original 
papers are also secured and read at many of the branch meetings, 
and at least one of the colleges held last year a small convention, 
with afternoon and evening sessions and a carefully arranged pro- 
gram. 

The Armour Student Branch opened its meetings for the season 
on September 19, with its annual smoker at which Prof. G. F. 
Gebhardt, Prof. A. J. Frith and Prof. C. E. Paul, Members of the 
Society, were the speakers. On October 9 a joint meeting was held 
with the student branch of the American Institute of Electrical 
Engineers, C. K. Baldwin, Mem.Am.Soc.M.E., giving an illustrated 
lecture on Belt Conveyors. 

At the first meeting of the Ohio State University student branch, 
Prof. Wm. T. Magruder, Mem.Am.Soc.M.E., gave an interesting 
talk on the Society, its growth and what it stands for, with special 
reference to the value of affiliation with it. 

A well-attended meeting was held at the Polytechnic Institute of 
Brooklyn on the evening of October 5, for the purpose of laying out 
plans for the coming season, for which the prospects are excellent. 
B. L. Heustis was elected president for the year, and A. Bielek, 
secretary. 

The Student Branch of the State Univ rsity of Kentuc ky elected 
the following officers at a recent meeting: R. R. Taliaferro, chairman, 
R. E. Mattingly, vice-chairman, F. J. Forsyth, secretary, and D. W 
Perry, treasurer. 

At the University of California, J. F. Ball was elected to the office 
of chairman at a meeting on September 14, and Jesse Blair to the 
office of vice-chairman. 

The University of Missouri Student Branch held a meeting on 
September 30, at which Prof. H. W. Hibbard, Mem.Am.Soec.M.E., 
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gave a talk on the value of affiliation. The following officers were 
elected: F. I. Kemp, president, R. Runge, secretary-treasurer, J. H. 
Pound, corresponding secretary. 

Meetings were resumed by the University of Nebraska Student 
Branch on October 1, at which short talks on affiliation were given 
by Prof. J. D. Hoffman and Professor Raber. 

The University of Wisconsin Student Branch held their election 
of officers on October 17, with the following result: W. A. Moyer, 
president, A. G. Peter, vice-president, W. K. Fitch, secretary, W. 
H. Schleck, treasurer. Committees were appointe d by the pre sident 
and the work for the vear planned. 

At Yale University a meeting of the Student Branch was held 
on October 11, at which Prof. L. P. Breckenridge, Mem.Am.Soc.M.E., 
was the principal spe aker. Plans for the year were outlined by the 
president, C. E. Booth, and an interesting demonstration was given 
of a new combined stereopticon and reflectoscope, just installed at 


the Sheffield Scientific School. 


DR. VON MILLER ELECTED TO HONORARY 
MEMBERSHIP 


At a meeting of the Council, October 8, 1912, Dr. Oscar von 
Miller, director of the German Museum in Munich, was elected to 
honorary membership in the Society. Dr. von Miller who, in addi- 
tion to his connection with the German Museum, is this year presi- 
dent of the Verein deutscher Ingenieure and a civil engineer of the 
city of Munich, has been prominent for a number of years in his 
profession. He was the designer of the electric central station in 
Kassel, the first central station in Germany with a converter from 
alternating to direct current, and also the central station in Heil- 
broiin, the first alternating-current installation in Germany. He 
also designed and directed the construction of the electric trunk line 
Mecklenbeuren-Tettnang and the central stations at Nurnberg, 
Strassburg, Wiesbaden, Bozen-Meran, Riga, and others. He is the 
author of a book on the Supply of Electricity in Cities, and has 
received decorations from the governments of Italy, Sweden, Ba- 
varia, the Grand Duchy of Baden, and from Wiirttemberg. 

Dr. von Miller was one of the founders of the German Museum 
of Masterpieces of Natural Sciences and Technology, of which he is 
now the director. 
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NEW SECTIONS OF THE SOCIETY 


In addition to the meetings of the Society which are now held in 
New York, Boston, Philadelphia, St. Louis, San Francisco, and New 
Haven, committees have been organized in Cincinnati and Chicago 
in charge of meetings in those cities, with the following personnel: 
In Cincinnati, A. L. DeLeeuw, chairman, J. T. Faig, secretary, W. 
G. Franz, G. W. Galbraith, L. H. Thullen; in Chicago, Paul P. Bird, 
H. A. Bogardus, G. F. Gebhardt and A. L. Rice. 

On October 17, the first meeting of the Cincinnati Section was 
held, jointly with the Engineers Club of that city. A. L. DeLeeuw, 
chairman of the section, read a paper on The Trend of Modern 
Engineering, which treated of the gradual change of the scope of thi 
engineer from an inventor to a true economist, who sought to get 
the greatest amount of product with the least amount of effort or 
expenditure. The latest phase of this subject was especially cor 


sidered, namely, scientific management, and how the task and bonus 
plan in connection with instruction sheets leads to economies, not 
only by its direct effect on the workingman, but also because it 
brings to the attention of the management every point of the equip- 
ment not up to its highest efficiency. The paper further discussed 
the effects of this system on the relation between employer and 
employee and how it establishes a well-defined contract between 
them, producing a beneficial effect and becoming in itself a source: 
of economy. 


DINNER TO DR. MATSCHOSS 


At the conclusion of the Council meeting on October 8, an informal 
dinner was tendered by the members of the Council to Dr. Conrad 
Matschoss, Dozent of the Technische Hochschule of Berlin, an 
official representative of the Verein deutscher Ingenieure. 

In Dr. Matschoss’s remarks he spoke of his success in his tour 
of the United States in interesting men of affairs and engineers in 
the writing of their biographies and histories of the technical arts, 
so that there may be available in the future a record of the de- 
velopment of each of the industries. He remarked that the condi- 
tions in particular ages may be obtained from literature, but that no 
convenient report of the progress made in any art is at present 
obtainable, with a few exceptions. Dr. Matschoss also spoke of the 
jncreasing interest which every young man ought to have in his 
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profession, and the importance of developing this respect and zeal 
for one’s work. 

Mr. Swasey, who took the chair after Dr. Humphreys was called 
away, pledged the company to take up the work as outlined by Dr. 
Matschoss, and it is the hope of all that in the near future several 
of our honorary members and others prominent in the engineering 
profession will make good their promise to write autobiographical 
notes which the Society may publish uniformly with the edition of 
the Life of John Fritz, brought out under the auspices of the Society. 

The meeting concluded with an expression of appreciation to the 
Verein deutscher Ingenieure of their invitation to the Society to 
meet with them in Germany next year and to make a tour of the 
industrial centers. 


REPORT OF COMMITTEE ON PATENT LAWS 

The following re port on the patent law situation has been made 
by the committees appointe d by the Council to investigate this 
subject, in which every member is directly or indirectly interested. 
The committee attended the patent conference held last spring in 
Washington between the bar associations and the engineering 
societies of the country, and have also been reque sted by the Council 
to continue to keep in touch with the situation and to report to 
them from time to time regarding recent developments. 

To THE COUNCIL: 

Pursuant to our appointment on April 9, 1912, by the Council as a Committee 
on Patent Laws, we have continued to study the patent situation in VW ashington 
and the course of legislation which has been introduced in the House on the 
subject of Patents, amounting to more than 50 bills, most of which appear to be 
not in the interest of inventors and patentees. 

In the early part of May, the President sent a message to Congress recom- 
mending the appointment of a competent mixed commission to make a thorough 
study of the patent law and patent practice and to report its findings to Congress 
as a basis of legislation 

Your Committee believes that the recommendations of the President, as 
embodied in his message, are most wise, that there is great danger in any patent 
legislation that is not based on carefully compiled information, that the appoint- 
ment of a commission is the only safe procedure, and that the President’s recom- 
mendations should have the earnest support of all engineers, patentees and 
others who are interested in the preservation and improvement of our patent 
system. 

Respectfully submitted, 
W. H. Biavve.t 
B. F. Woop 
Committee on Patent Laws 
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INDEX TO TRANSACTIONS 


It is the expectation of the Publication Committee to make this 
coming season an index of the individual papers in the Transactions, 
from the first volume up to the present time. It is hoped to make 
the index a model of its kind, through the codperation of the li- 
brarian of the United Engineering Societies and of others experienced 
in work of this character. 


BOOKS ON AERIAL ENGINEERING 


The library of the United Engineering Societies now possesses an 
important collection of works on aeronautics to which the attention 
of the membership is called. 

At the head of the list may be placed the works of Prof. S. P. 
Langley (Experiments in Aerodynamics, Washington, 1891, and 
Memoir on Mechanical Flight, 1911), the dean of the science of 
aerial engineering. The next place, following the order of develop- 
ment of ideas and not of publication, belongs to the remarkabl 
work of L. P. Mouillard (Le vol sans battement), written sometime 
in the late eighties or very early nineties of the last century, and 
clearly establishing the principles of wing warping which gave the 
mastery of the air to the Wright brothers. A copy of this work was 
sent to Mr. Octave Chanute in 1894, but was not published until 
long after the author died, in 1897. 

The following works are devoted to the exposition of the funda- 
mental mechanical principles of heavier-than-air flight: Two volumes 
of Aerial Flight by F. W. Lanchester (Aerodynamics, 1908, and 
Aerodonetics, 1909), containing a discussion of the theory of aero- 
dynamic support, resistance of bodies in motion to flight, forms of 
natural flight path, questions of equilibrium, stability in flight, and 
phenomenon of soaring; Etude de la stabilité de l’aéroplane, by G. de 
Bothezat (Paris, 1911), examining the necessary and sufficient con- 
ditions of the stability of an aeroplane, and for the first time giving 
a complete mathematical solution of the complicated, but highly 
important problem of the conditions of stability; Les lois expéri- 
mentales de l’aviation, by Alexandre Sée (Paris, 1911), with its 
companion volume, ordered but not yet received by the library, said 
to be one of the most remarkable books on the theory of aviation 
and treating the whole subject in a novel and interesting manner. 
To the same class belongs the little book on the Force of the Wind, 
by Prof. Herbert Chatley, dealing with the subject of wind pressure 
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and stresses in structures due to wind, and giving a brief but clear 
exposition of the stream line theory, of interest to automobile de- 
signers as well as aeronauts. Frederic Houssay, Forme, puissance 
et stabilité des poissons (Paris, 1912), may also be mentioned here 
as containing many interesting considerations on the inversion and 
motion of bodies entirely immersed in a fluid, and although pri- 
marily devoted to the investigation of the motion of fish, much of its 
theory applies also to aeroplanes. 

On the margin between pure theory of the art and practical design 
may be placed Les bases et méthodes d'études aérotechniques, by 
L. Ventou-Duclaux and Robert, covering both the heavier and 
lighter-than-air flight, and Victor Lougheed’s Vehicles of the Air, 
the first complete exposition of the whole subject in the English 
language. 

It is the intention of the library to have as complete a collection 
as possible of the publications of the great European aerodynamic 
laboratories. So far several publications of the laboratory of Champ- 
de-Mars, conducted by Mr. G. Eiffel, Honorary Member, Am.Soc. 
M.E., and of the Laboratorio di Costruzioni Aeronautiche del Bat- 
talione Specialisti of the Italian War Office, have been secured, and 
arrangements have been made to obtain the publications of the 
Aerodynamic Institute of Riabushinsky at Kuchino, near Moscow, 
Russia. 

On design and construction of heavier-than-air machines the 
library has the following works: Progress in Flying Machines, by 
Octave Chanute (New York, 1899), now of historical interest only ; 
The Problem of Flight, by Herbert Chatley (London, 1907), an 
epitome of the knowledge available on the subject of flight at the 
time when Santos-Dumont and the Wright brothers were demon- 
strating that flight is actually possible; Navigating the Air, by the 
Aero Club of America (New York, 1907); The Art of Aviation, by 
Robert W. A. Brewer (New York, 1910), containing a large amount 
of practical information upon the construction of aeroplanes and their 
motive plant, with a sparing use of mathematics; The Principles of 
Aeroplane Construction, by Rankin Kennedy (New York, 1911), a 
concise theory of aeroplane construction and elementary treatment 
of aeroplane design, with calculations worked out numerically on 
the two systems in use. 

For the lighter-than-air flight the library possesses the following: 
Espitalier, La Technique du ballon (Paris, 1907); Fr. Walker, Aerial 
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Navigation (New York, 1902), and A. W. Marshall and Henry 
Greenly, Flying Machines (London, n. d.). 

The library receives the following special periodicals on Aero- 
nautics: Rivista Tecnica d’Aeronautica, Organo dell Aero Club 
d’Italia; La Technique automobile et aérienne; Zeitschrift fir Flug- 
technik und Motorluftschiffahrt; Deutsche Luftfahrer Zeitschrift; 
L’Aérophile; Fly; Aircraft; Aeronautics; and the Aeronautical 
Journal. 











EMPLOYMENT BULLETIN 


The S »bligation and pl t dut be 
belt r he Secretary gives ! , t 
and for n Notices are n repeated ex pt nh spe 
yues N er key el ffice r nt j les 
nust be re \ e en ch period. ¢ r the Bul y be I 
: 
12th ft tr I} t I Dn avaliable s made up from 1 il t s vy, witl 
rt t t s nd ar I in t! Societ fh Inf ation will be 
t ul 
ip 


POSITIONS AVAILABLE 


0194 Note 


Published in the September Journal, address should read, Estate 
of M 


Shaik Adam Ipoh, Straits Settlements, or send care of A.|S.M.E 
0195 Efficienc) 
iral instruments 


expected 


vy engineer for concern in Middle West manufacturing 


] 
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\pply through the Society giving ag 


, experience and salary 


0196 Shop superintendent, to take charge of finishing department of Per 
sylvy nla concern 


rn manufacturing bearing bronz 
of th 


; will be expected to take chai 


int and all machinery in the works. Want live, progressive man 


ire the maximum output and work with management in the endeavor 
o manufacture quickly and cheaply 


0197 Two sales engineers on general line of machinery for New England 
territory New York concern 


O1LOS 


oe 
> 


s 


Superintendent for manufacturing company Location Michigan 
Metal working plant, principally in brass and copper, employing about 1000 men 
Prefer experienced and technically educated man; will consider one from any 
line of manufacturing or railroad work who can show record for efficient handling 
of labor and economy in operation 


0199 Professor of mechanical engineering for Imperial Pei-Yang University, 
Tientsin, China; one with several years’ experience in teaching and practical 
work. from 28 to 30 vears of age or older Apply throug! 


ign the Sor ietV not later 
than October 15 


0200 \ large 1 


nanufacturing and engineering company in New York requires 


L young engineer in the proposition and estimating department 
portunities tor advancement are 
1911 or 1912 preferred 


where the OoD- 
exceptionally good \ technical graduate of 


0201 Ohio concern want an engineer, preferably college graduate, with several 
years’ experience in power plant work, particularly in the following up of econ- 
Omiles 


in operation of boilers, and if possible experience with miscellaneous uses 
of steam in manufacturing processes. 


L589 
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0202 Young engineering graduate for Ohio concern. Position would be with 
view to acquiring experience and working up to more important work in engineer- 
ing department 


0203 Engineering salesman with selling record as well as compressed air and 
hydraulic experience. Location, New York. Apply through the Society. 


0204 Assistant to chief engineer in boiler shop department of Pennsylvania 
concern. Young technical graduate preferred, who after a few months’ experience 
would be competent to get out bills of material for riveted and welded work and 
able to check drawings for same. 


0205 Draftsman on ammonia and brine piping, thoroughly experienced, re- 
quired by large ice-machine company. State experience, age and salary expectéd 
Apply through the Society 


0206 Wanted: a mechanical engineer with experience in the design of steam 
and electrical machinery; one somewhat familiar with power plant machinery, 
who is competent to fill the position of chief engineer in large manufacturing 
concern. Location eastern Pennsylvania. Apply through the Society 


0207 Mechanical draftsman experienced in general valve construction, o1 
one acquainted with the detail make-up of sanitary plumbing fixtures. A per- 
manent position and good salary to the right party. State salary and experience 
Apply through the Society. Location New York 


0208 General superintendent of company in Middle West, manufacturing 
large engines and special machinery, employing 300 men. Experience required 
in drafting, machine shop and foundry. Apply through the Society. 


0209 Draftsman for position in Morenci, Arizona. Salary $125 a month 
with opportunity for advancement. One with experience in ec 1\centrator work 
preferred 


MEN AVAILABLE 


497 Associate, aged 35, desires position of some responsibility in Philadelphia 
or suburbs. Sixteen years’ experience in civil, structural and mechanical lines, 
mainly the last, as draftsman, squad foreman, chief draftsman and checker at 
rolling, steel and pipe mills, by-product coke ovens and on chemical apparatus 
steel cars and locomotives 


498 Mechanical and electrical engineer, Cornell graduate, 12 years’ ex- 
perience in design, construction and operation of steam, hydraulic and gas plants 
for public service and industrial companies, building construction, factory su- 
perintendence and appraisals of public service companies, desires permanent 
position with manufacturing company, consulting engineers or operating com- 
pany in or near New York City. 


199 Member, now general superintendent of machine tool building shop, also 
experienced in manufacturing electric machinery, engines, and automobiles, de- 
sires change. Up-to-date in shop management and methods, machinery and 
tools. Age 37, married, technical education. Salary $3000. 

500 Mechanical engineer, superintendent, chief draftsman or productio1 


manager, with practical shop, technical and commercial experience, expert i 








d 
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the up-to-date manufacture of interchangeable parts, resourceful in design and 
process for reducing costs and increasing production, good organizer and system 
man with excellent executive ability, A-1 references, desires permanent position 


501 Junior, technical graduate, aged 28, four years’ practical experience in 


engineering lines, desires a position as superintendent, or assistant superintendent 


with manutlacturing concern 


502 lechnical graduate, 24 vears of age, at present employed as assistant to 
superintendent in large water gas plant, desires to make a change to concern 
hav ing ah opening along mechanical or sales engineering lines Opportunity ind 
scope de sired 

503 Engineer, married, 12 years’ practical experience in the manulacturt of 


} 


typewriter dding machin 


« gutomobiles, ete., speciali t in the de ign ol 


kinds of automatic machinery and development of rapid inte rchangeable manu- 


foot 


facturing equipment. Salary not less than $2400 


504 Junior, technical graduate, mechanical engineer, age 5U, experience in 
locomotive shop on combined erecting and repa work and in steel plant; three 
years’ experience in heavy, medium and light machinery including small tool 


factory, desires position as assistant to a progressive uperintendent 


505 Graduate engineer desires position as mechanical superinte ndent, u 


mechanic or engineer of construction in power plant work 


506 Mee inical engineer desires position is pure! ising went or DUSIDEess 
connection with manufacturing firm. Age 28, college traiming, five years ex- 
perience shop foreman, sales engineer, and contracto1 At present with large 


locomotive works 


507 Technical graduate in mechanical engineering, 25 years of age, o year 
experience in machine shop and engineering department of large engine manu- 
facturing plant Desires to become connected with a concern having al ening 


ilong mechanical lines 


508 Member, technical graduate, desires position as iles enginee! Ix- 
perienced as skilled mechanic, chief draftsman and superintendent of construc- 


tion of power plant equipment. Four years in New York and one in Chicage 


sales engineer 


509 Member, with technical education and training and subsequent man- 
agerial experience in commercial lines, is open for association and investment, 
if necessary, with one or more engineers who may have a broad basic patent or 
device for promotion, development and manufacture 


510 Member, now employed, desires change. Several years experience 
mechanical engineer and consulting engineer for large corporations \ge 54 
married, first class references. No objection to location so long as climat n- 


ditions will not impair health. Salary $3000 to $4000 


511 Member, at present employed, desires to improve position. lighteen 
years’ experience especially in internal-combustion engine lines. Qualified for 
superintendent, assistant manager, designing engineer, or salesman for gas or 
oil engine concern 
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512 Junior, mechanical and electrical engineer, technical graduate, 30 years 
old, single, experienced in hydro-electric developments, including hydrograph 


work, design of transmission lines, towers, sub-stations, etc., with operation of 


same, desires position as chief engineer or designing engineer with large firm of 
contracting engineers Best references as to habits and ability \t present 
employed. 

513. Member, hydraulic and electrical engineer, M. 1. T. graduate, manu- 


facturing, consulting and operating experience, 42 


vears old; recently connected 


} 
; 


with machinery for some of the largest and typical hydraulic projects 


514 Electrical and mechanical engineer open for engagement, Philadelphia 


or vicinity preferred. Unusual technical training and ability. Experienced in 
organization of engineering work, research, development of new materials and 
processes, design of automatic machinery, layout and installation of new factory 
departments and engineering supervision of manufacturing processes. Excep- 
tional credentials as to character and ability. For further information, address 


P. O. Box No. 4040, West Philadelphia, Pa 


inulacturing 


515 Position as superintendent or other executive position in m 
department; 12 years’ successful experience in charge of the manufacture of 


harvesting machines and agricultural implements; 36 years old, married. Best 
references relative to ability and character. 
516 Superintendent or mechanical engineer, Associate member, with 16 


years of shop and office experience in design and manufacture of special ma- 


fitters supplies vith 


chinery, soil pipe and fittings, valves, plumbers and steam 
proven ability, desires to connect with concern where energy, efficiency, and 
mechanical knowledge is required of all departments from foundry to shipping 
At present employed 


517 Technical graduate, age 30, married, four years as assistant enginee! 
the manufacture of contractors and railroad equipment, four years engineer o1 
power and industrial plants, railroad car shops and terminals, inspecting, de- 
At present employed Wil 
Per- 


signing, estimating costs and construction, selling 
consider improved position with engineers, contractors, or man ifacturers 


sonal interview in Philadelphia or New York 
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THE PRESENT STATE OF THE ART OF 
INDUSTRIAL MANAGEMENT 
MAJORITY REPORT OF SUB-COMMITTEE ON ADMINISTRATION 


During the past few years a number of striking phenomena, 
in connection with industrial management, must have become 
evident even to the most superficial observer. ‘The more impor 
tant are: 

t The widespread, popular interest in the subject which 
had its rise in a statement made before the Inter- 
state Commerce Commission, in a hearing on the 
matter of proposed advances in freight rates by car- 
riers. An attorney for the shippers stated on 
November 21, 1910, that it was estimated that by 
the application of newly discovered principles of 
management “in the railroad operation of this coun- 
try an economy of $1,000,000 a day Is possible,” and 
further that these principles can be applhed with 
equal success “in every form of business activity.” 
This popular interest is shown by the great number 
of articles published in the daily papers and popu 
lar magazines, mediums that give but scant atten- 
tion to technical subjects. except of the most striking 
nature. 

6 The suddenly intensified interest in the subject on 
the part of employers and business executives in 
many lines of activity, shown by lectures, addresses. 
professional papers and reports presented to their 
associations. 

( The opposition of labor unions to the newer methods 
of management, shown by statements of labor leaders, 
in a few instances by strikes, and by an attempt to 


Tue AMERICAN SocreEty OF MECHANICAL ENGINEERS, 29 West 39th Street. 
New York. Subject to revision. 
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prohibit 1) law the use of some of these methods in 
Government shops. 

¢d CGrovernmental recognition of the matter shown by the 
ippolntinent ola special committee of the House of 

Representatives to investigate systems otf manage 

ment in Grovernment arsenals and shops, which re 


ported in Mareh 1912; by the appointment of a ci 


Vilian board by the secretary of the Navy to invest) 
gate Management in the navy yards, which reported 


in July 1911: and by Senate bill S 6772, now in com 


inittee, which is intended to prohibit time study and 
the payment of premiums or bonus on Government 
work. 
The rapidity with which literature on the subject has 
wcumulated. ne director of books on business 


management lists 500 titles, and states that 75 pei 


cent of them have been written within five vears 


po > . 1 
/ Phe formation of two societies having as an alm the 


furtherance of the application of the principles of 
Inahnagement 
The separation of persons interested in the matte! 
into two Calips. one of enthusiastic advocates, the 
other of Vigorous Opponents of what - called thre 
new element In management 

j The unquestionable proof of the advance that can be 
made in unskilled work, as shoveling material, and in 
ancient trades. as bricklaving, by the application of 
the principles or management. This is the most 


striking phen menon of all. 


riik PRINCIPLES Of] MANUFACTURI 


= Before cefining the element in the art of Management 


that has given rise to these phenomena, it is necessary to review 
briefly the beginnings of modern industry. This gives a his 
torical setting from which the present can be more truly judged 

3 Modern industry is stated by some writers to have begun 
in 1738 when John Wyatt brought out a spinning machine. 
()thers place the period as between 1750 and 1800, when the 
power loom and steam engine came into being. It was marked 
by the development of labor-saving machinery. It was brought 


about by the change from handicraft to manufacture. 
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t Early British economists held that the application of the 
principle of division of labor was the basis of manufacture. 
Krom Adam Smith’s “ Wealth of Nations.” 1776, we quote : 


“This great increase of the quantity of work which, in consequence of 
the division of labor, the same number of people are capable of perform 
ing, is owing to three different circumstances; first, to the increase of dex 
ferity in every particular workman; secondly, to the saving of the tim 
which is commonly lost in passing from one species of work to another ; 
and lastly, to the invention of a great number of machines which facilitate 


ind abridge labor, and enable one man to do the work of many.” 


5 Charles Babbage, the great British inathematician and 
mechanician, believed that from the above quoted statement the 
most Important principle was omitted. ‘This omission he sup 
plied as follows in his “ Economy of Machinery and Manu 
facture, L832: 


Phat the master manufacturer, by dividing the work to be executed into 
different processes, each requiring different degrees of skill and force, can 
purchase exactly that precise quantity of both which is necessary for each 
process ; whereas, if the whole work were executed by one workman, tha 


person must possess sufficient skill to perform the most difficult, and suffi 
ient strength to execute the most laborious, of the operations into which 
the art is divided.” 


(; It appears, however, that another principle is the basic 
one in the rise of industry. It is the transference of skill. The 
transference of skill from the inventor or designer to the powel 
driven mechanism brought about the industrial revolution from 
handicraft to manufacture. It will be necessary to refer to this 
principle frequently throughout this report, in showing the 
meaning and position of management in industry. 

7 No better single illustration of the application of this 
principle can be found than in the invention of the lathe slide 
rest by Henry Maudsley in 1794. This has been ranked as 
second only to the steam engine in its influence on machinery 
building, and thus on industrial development. The simple, 
easily controlled mechanical movements of the slide rest were 
substituted for the skilful human control of hand tools. So 
complete has been this transference of skill that today hand 
tooling is a vanished art in American machine shops. Very 
few lathe hands can chase a thread with hand tools, vet all 
can cut good threads on an engine lathe, thanks to the slide 
rest. After the traditional skill of a trade, or the special, pe 
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culiar skill of a designer or inventor, has been transferred to 
a machine, an operator with little or no previously acquired skill 
can learn to handle it and turn off the product. 

8 An example of the extent to which this transference of 
skill is carried today is presented by the shoemaking industry. 
The United Shoe Machinery Company builds some 400 machines 
used in shoe manufacture. These are so highly organized that 
the greater part of shoe-shop operatives are unskilled except 
in a single readily mastered detail of the work. The skill in 
shoemaking is now in the mechanical equipment of the shops. 
This transference is a development of the past 50 years. 

9 James Nasmyth, a British engineer, inventor of the steam 
hammer, has this to say in 1851 of the application of this prin 
ciple in his own works: “The characteristic feature of our 
modern mechanical improvements, is the introduction of self 
acting tool machinery. What every mechanical workman has 
now to do, and what every boy can do, is not to work himself, 
but to superintend the beautiful labor of the machine. The 
whole class of workmen that depend exclusively on their skill 
is now done away with.” 

10 Methods of analyzing and recording operations were 
early developed. Adam Smith records the divisions of the 
work of manufacturing pins, listing 11 operations. Charles 
Babbage gives a table (see Appendix No. 1, Table 1) from a 
French investigator, showing the number of operations, time 
for each, cost of each, and expense of tools and material for 
making pins in France in 1760. He gives a similar table for 
English manufacture in his day (see Appendix No. 1, Table 2, 
from Economy of Machinery and Manufacture, 1832). 

11 He further comments on the use of the watch to time 
operations. We quote from his instructions to one making such 
observations and using a skeleton form that he recommends: 
“Tn filling up the answers which require numbers, some care 
should be taken: for instance, if the observer stands with his 
watch in his hand before a person heading a pin, the workman 
will almost certainly increase his speed, and the estimate will 
be too large........ The number of operations performed in a 
given time may be frequently ascertained when the workman 
is quite unconscious that any person is observing him. Thus 
the sound made by the motion of a loom may enable the observer 








, 
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to count the number of strokes per minute, even though he is 
outside the building in which it is contained.” 

12 M. Coulomb, the noted French physicist (1736-1806), who 
had great experience in making such observations, cautions 
those who may repeat his experiments against being deceived 
by such circumstances. We translate a single quotation: “I 
pray (says he) those who wish to repeat them (the experiments) 
if they have not time to measure the results after several days 
of work, to observe the workmen at various times during the 
day without their knowing that they are being watched. We 
cannot be too well warned of the danger of self-deception in 
computing either the speed or the effective time of work through 
an observation of a few minutes.” 

13 Thus we see the application of the principle of trans 
ference of skill at the basis of the development of the industry, 
and an early appreciation of the value of the detailed study 
of operations in making that transference more complete. But 
the machine was the viewpoint. It was looked upon as the 
producing unit. Combined and contrasted with this was a lack 
of knowledge of scientific principles and their sure application. 
Charles Babbage treats of this forcefully. We quote: 

“There is perhaps no trade or profession existing in which there is so 
much quackery, so much ignorance of the scientific principles, and of the 
history of their own art, with respect to its resources and extent, as is to 
he met with amongst mechanical projectors.” 

14 In the same vein he emphasizes the need of accurate draw 
ings as if having in mind the poor quality of the work from the 
average draftsman of his day: “It can never be too strongly 
impressed upon the minds of those who are devising new 
machines (says he) that to make the most perfect drawings 
of every part tends essentially both to success of the trial, and 
to economy in arriving at the result.” 

15 He further points out that there is another important 
factor in successful industry, in addition to machinery. We 
read that “in order to succeed in a manufacture, it is necessary 
not merely to possess good machinery, but that the domestic 
economy of the factory should be most carefully regulated.” 

16 These quotations foreshadow modern methods of think- 
ing out the work in advance and transferring this thought to 
the workmen. The subsequent development has had the effect 
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of advancing still further the division of labor, and beginning 
the division of thought. The drafting room presents the first 
example of the trend, in its collection of engineering data, in 
its prediction of results and the formation of staff organization. 

lf But from the period of the last quotation almost to the 
present there has been no change in the basic principles dis 
covered and applied in industry. There has been nothing but 


an extension of those already known. The place of oreatest 
advance has been in the drawing room. The art of machine 
design has been greatly developed. ‘The last half of the last 


century saw a tremendous increase in inventions, a tremendous 
furtherance of the application of transference of skill to 
machines and tools. The skeleton of an industrial organization 
of this period, one that was too large for a single executive to 
manage, consisted of a designing department and a pr duction 
department, each with a head responsible to the manager. 

1S The first of these, the one that was the means of @mbody 
ing skill in the machinery and tools of production, was highly 
developed and organized. Experiment, research and detailed 
study were constantly resorted to, to ald in reaching the desired 
result. The work was highly specialized and the emplovees 
highly paid. Not infrequently the manager or chief executivs 
devoted much of his own time to this part of the business. 

19 The production department presented a contrasting 
condition. The workmen were given the tools and machine- 
designed in the drawing room and using their own unaided 
skill were expected to produce work of the desired quality and 
quantity. xcept in rare instances no effort was made to trans 
fer the skill of the management to the production department 
and the emplovees, or to undertake the division of executive 
thought. Very little consideration was given to the workmer 
as a producing unit. 


FEATURES OF THE CHANGI 


20 Within the past 20 or 25 years certain changes have 
taken place in the attitude of many production managers toward 
the problems that they face and the forces and means that they 
control. An increasing amount of attention is being given t 
the worker. An early evidence was the development of profit 


sharing, premium and bonus systems to reward increased effort 
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and output. There followed welfare work, industrial better 
ment movements. the adoption of safeguards and regulation 
to minimize industrial accidents, the substitution of the prin 
ciple of accident colpensation for employers: lability und an 
Improvement in the physical surroundings and conditions of 
factories. All of these tendencies have been fostered and to a 
great extent initiated by emplovers But even today these al 
by no means generally adopted. 

21 Another tendency, less pronounced in character, has as 
its object the improvement of the personal relations betwee 
employé and emplové and between emplové and employer. It 


is an effort to establish the best of factory Working Conditions 


in those things hol physical In nature, to levelop ind maintain 


| shop atmosphere free from | harassing ina Lindering ll 
fluences. It is an attempt to niake use of the results of expel 


mental psychology, in improving working condition 
y ay 4 But the most liportant change al one that comprehen 

the others. is in the mental attitude toward the problems of pie 
cluction. The tendency is toward an attitude of questioning, al 
research. of careful Investigation of evervth hg itfecting th 
problems in hand, of seeking for exact knowledge and then shap 
Ing action on the discovered facts. It has developed the ise of 
time study and motion study as instruments for investigation 
the planning department as an agency to put into practice thi 
conclusions drawn from the results of research. and method 
of wage pavinent which stimul ite cod perat on. 


29 All of these changes have affected the production de 


partment much more than the designing department. The effect 


Is to extend the principle of transferenc of skill to produ 


tion. so that it completely embraces every activit) n mani 
facture. The skill of the management is consciously transferre 
to all of the operations of the factor This extension Is e) 
pressed by these phrases : th lrawing ro the Dianning 
department of design, and the planning department the dra 


ing room of production. 
NATURE OF THtt COMMITTEE S INVESTIGATION 


24 To obtain information on present conditions your com 
mittee wrote to the recognized experts, to executives of plants 


in many lines of industry, to students of industrial problems 
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and has had many interviews with men in these various fields 
The response to our requests has been in the main most generous. 
We are deeply indebted to the information thus received for 
a large portion of the following sections of this report. We 
are glad to take advantage of this opportunity to express our 
gratitude to all those who have given aid. 

25 Throughout the following pages there is a plentiful use 
of illustrative quotations. Many of these are taken from cor- 
respondence resulting from our investigations. Others are from 
the mass of literature mentioned in Paragraph le. 

26 On some points diametrically opposed views have been 
expressed. In such cases we have presented both. In no case 
has credit been given for these views or quotations, as the infor 
mation was solicited in confidence. 









DEFINITION OF THE NEW ELEMENT IN THE ART OF MANAGEMENT 





)'7 
at 


Requests for a definition of the new element in the art of 
management brought forth a difference of opinion as to its 
existence. The opposed view is given in the following quota 
tions: 


“T am not aware that a new element in the art of management has been 
















discovered 

“There have been no new discoveries in scientific management of indus 
trial institutions. Common-sense men have used common-sense methods 
ailways. The term ‘scientific management’ is a catch-word which assumes 
that industrial institutions have not been scientifically managed—which is 
not the case. My experience and the experience of my friends has been 
that there has been no new element injected into the art of management.” 

“In the writer's opinion there is very little that is new about it (the art 
of management). There is hardly any part of it that has not been practised 
hy managers for the past 100 vears. The trouble is there are not enough 
managers with sufficient initiative to set the system moving properly.” 

the problem presented is not the adoption of something en 

tirely new; but rather the extension to every detail of our work of some 


thing which we have already tried.” 


28 Turning now to the other side of the question, from a 
large number of definitions of this new element we select the 
following as very nearly conveying, taken together, the com 
plete conception as our investigation has disclosed it: 

“The best designation of the new element I believe to be ‘ scientific man 


agement.’ This term already has been adopted quite generally and although 
frequently misused, carries with it the fundamental idea that the manage 











THE ART OF INDUSTRIAL MANAGEMENT 1609 


ent Of labor is a process requiring thorough analytical treatment an 
uvolving scientific as opposed to ‘ rule of thumb’ methods.” 

‘The writer ventures to define the new element briefly, but broadly, as 
The critical observation, accurate description, analysis and classification of 
all industrial and business phenomena of a recurring nature, including all 
forms of coéperative human effort and the systematic application of the re 
sulting records to secure the most economical and efficient production and 
regulation of future phenomena.” 

“Stripped of technicalities the method of the modern efficiency engineer 
is simply this: First, to analyze and study each piece of work before it is 
performed ; second, to decide how it can be done with a minimum of wasted 
inotion and energy; third, to instruct the workman so that he may do the 
work in the manner selected as most efficient.” 

“The Taylor System is not a method of pay, a specific ruling of account 
books, not the use of high-speed steel. It is simply an honest, intelligent 
effort to arrive at the absolute control in every department, to let tabulated 
and unimpeachable fact take the place of individual opinion; to develop 
‘team play’ to its highest possibility.” 

As we conceive it, scientific management consists in the conscious appli 
cation of the laws inherent in the practise of successful managers and the 
inws of science in general. It has been called management engineering. 
which seems more fully to cover its general scope than a science 

29 These quotations convey the ideas of a conscious effort 
to ascertain and study facts and systematically to apply them 
in instructing the workmen and in controlling every department 
of industry. Setting these against the underlying principle of 
the transference of skill we conceive the pron inent element in 
present-day industrial management to be: Zhe mental attitud: 
that consciously appli e the fransteronce ot eh-a]] to all the ae 
tivities of industry. 

30 Here emphasis is placed upon the word a// for, as shown 
in Pars. 17 and 18, the restricted application of this principle 
to machines and tools has heen highly developed for a long 
period. But its conscious application in a broad Way to the pro 
duction departments, and particularly to the workmen, we 
believe has been made during the last quarter century. 


RISE OF THIS MENTAL ATTITUDE 


31 The rise of this change of attitude in regard to industrial 
management is shown in the papers on the subject in the Trans 
actions of this Society. These are 16 in number and are listed 
in Appendix No. 2 of this report. The period covered is from 
1886 to 1908. The practice upon which several were based 
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extended over a number of years before the paper was pre 
sented. Papers on accounting have been excluded. 

32 The first, No. 207, classifies management of works as a 
modern art having a vast amount of accumulated experience, 
points out that the executives must have “a practical knowledge 
of how to observe, record, analyze and compare essential facts 
in relation to ...... all...... that enters into or affects the 
economy of production and the cost of the product,” and makes 
a plea for the interchange of management data. 

33 Eight following papers, Nos. 256, 341, 449, 596, 647, 925, 
965 and 1012, deal with methods of wage payment, showing the 
increasing attention given to the workmen during this period. 
Of these methods the * premium plan” described in paper No 
149 has an extensive use today In machine shops. t probably 
ranks third, in extent of use, being exceeded by day work and 
piece work in the order named. Paper No. 647 outlines element 
ary rate fixing; that is, the minute study of each detail of each 
operation. From this, motion study and time study have grown. 
The “bonus system” of paper No. 928 also has an extensive 
use, probably ranking fourth. 

3- Paper No. 1003, * Shop Management.” is the first com 
plete presentation of the subject. ‘This paper with the subse 
quent writings of its author, stands today as the only compre 
hensive outline of industrial management. Papers Nos. 1001, 
1002, 1010, 1011 and 1115, are amplifications of certain features 
of No. 1003 and are based on the same practice. 

35 Paper No. 1221 deals with the training of workmen, and 
outlines practical, tested methods of bringing about the all 
important transference of skill. 


LABOR-SAVING MANAGEMENT 


36 Since these papers were presented, and during the de 
velopment of popular interest in the subject, the term “ scien 
tific management” has been generally and loosely applied to 
the new system and methods. This is commonly taken to mean 
that there is a science rather than an art of management. A 
truer interpretation is that it means management using scien 
tific methods, these being taken largely from the sciences of 
physics and psychology. 

37 The expression “ labor-saving management” better con 
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veys the meaning of the movement. It has the further advant- 
age of being easily and surely understood because of its strict 
analogy with the term “labor-saving machinery.” It is no 
chance that puts these two terms labor-saving machinery and 
labor-saving management, in conjunction, for the first 1s the 
past development and the second the present trend of industry, 
and they will be closely and inevitably associated in the sue 
cessful manufacturing of the future. Throughout the following 
pages of this report the terms “ industrial hanagement ” and 
* labor-saving management” are used, the first to denote the 
subject broadly, the second the newer attitude 


THE REGULATIVE PRINCIPLES Ol! INDUSTRIAI MANAGEMENT 


38 The lack of accurate thinking and clear expression in 
regard to manaveinent are nowhere better shown than in many 


of the statements of the so-called principles. These can be 


divided into two classes, personal characteristics of managers 
and mechanical means of applying. It is evident that neithe 


can show us the way in which the activities of industry 
be regulated. 


are to 


3% In our investigation preparing for this report, one cor 


respondent Writes as follows: 


The regulative principles of m: 


iagemelr ong sciel nes include 
four important elements 
“a Planning o the processes and operations é il by a specia 
department organized for this purpose 


b Functional organization by which each 


nan superinter ding the 


workman is responsible for a single line of effort Chis is dis 


i\ opposed to the older type of milittaryvy orguanizatior where 


every tian in the management is given a comb nation of execu 


tive, legislative and judicial functions 
rraining the worker so as to require him to do each job in what 
has been found to be the best method of operatlol 


d Equable payment of the workers based on quantity and quality 


of output of each individual] This involves sci 


vif 


entine Analysis of 
each operation to determine the proper time that should be re 


quired for its accomplishment and also high payment for the 


worker who obtains the object sought.’ 
$() Another correspondent finals the solution ol problems of 
management in the observing and regulating of three classes 
of industrial phenomena: 


“a The economic results of different arrangements and forms of 











1612 REPORT OF COMMITTEE ON ADMINISTRATION 


materials and operations upon them, either to produce equipment 
or product. This covers the whole field of recorded experience 
from invention and design of product and tools down through 
the successive shop processes to ultimate finished product and its 
tests in service. It is the object of the scientific method to make 
the best of this experience, in its essential details, readily avail 
able for all concerned, and to see that it is actually absorbed and 
put in practice. 

b The economic results of varying executive methods for effect 
ively directing human efforts as a whole in the use of the above 
experience. This covers the entire field of building up, codrdi 
nating and controlling the supervising organization of a plant 
With its statistical and recording systems. 

ec The economic results of steps taken to raise the industrial effi 
ciency of the individual worker in every grade of service. This 
covers the whole problem of labor reward, intensified ability, con 
served energy and the general relations of employer and em 
ployée.”’ 

11 We have pointed out that the underlying principle, that 
is, cause in the widest sense, the application of which has built 
up modern industry, is the transference of skill. This basic 
principle is put into effect on the management side of all in 
dustrial activities, through three regulative principles which 
sum up the ideas in the above quotations, Pars. 39 and 40. 
These have been concisely stated as': (a) the systematic use 
of experience; (/) the economic control of effort; (¢) The pro 
motion of personal effectiveness. 

12 The first includes the use, in all essential detail, of tradi 
tional knowledge, personal experience and the results of scien 
tific study on the part of the executive force. It implies the 
accumulation and use of records and the setting up of standards. 

43 The second includes the division and subsequent coérdina 
tion of both executive and productive labor: the planning of 
single lines of effort, the setting of definite tasks and the com 
parison of results; and the effective training of the workers. 
It implies the previous acquisition of skill by the executives. 

44 The third includes a definite allotment of responsibilit: 
and the adequate, stimulative encouragement and reward of both 
executive and productive labor; the development of contented 
workers, and the promotion of their physical and mental health. 
It implies the most thorough comprehension of the human being 

*American Machinist, vol. 36, p. 857, The Principles of Management, by 
Church and Alford. | 
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THE PRACTICE OF MANAGEMENT 


45 As labor-saving management springs from a change in 
mental attitude, the beginning of its practice should be with the 
persons having the final responsibility, the proprietors of 
closely-owned businesses, the directors of larger establishments, 
or the officials having charge of Government works. Before 
any changes are made, such men should clearly understand the 
viewpoint from which all of the managerial work is to be done, 
the principles that are to be applied, the general method of 
their application and the results expected. 

16 A similar mental attitude must be fostered among all 
the members of the executive force and a period of training 
for them begun. This may include a redistribution of function 
and responsibility, and will include a detailed study of produe 
tion by scientific methods. This is the period of division of 
thought, training of the management staff and setting-up stan 
dards of performance. This must be carefully performed before 
there can be effective transference of skill to the workers in 
the production departments. 

{f The usual conception of modern management is that it 
affects the workmen most of all, tending to stimulate them to 
turn out increased production to their possible hurt. This is 
wrong. If the principles outlined are followed, the executive. 
or non-producing labor is the most affected. Its individuals 
are compelled to study, plan and direct. They must acquire 
knowledge and skill in order to transfer it. It is a system of 
management that forces the executives to manage. 

48 This being so, the introduction of modern management 
in a plant must be made slowly. The causes of most so-called 
failures are principally two: a failure of the executives to 
acquire the vital mental attitude and too great haste in applica- 
tion. The latter seems to be the dominant one. Your com- 
mittee feels compelled to emphasize the danger of attempting 
to hurry any change in methods of management. Each step 
of the work should be made permanent before the next is begun. 

49 We have examined records of production which clearly 
show a lessening of individual output among workers who had 
been trained for some time and had achieved good results as 
soon as untrained workers were put with them, thus lessening 
their share of personal supervision. Later the original standard 
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of production was again reached, but the results seemed to be 
directly proportional to the amount of skilful supervision, dur 
ing a lengthy period of training. 

50 After those who are to operate the new methods have 
acquired the necessary knowledge and established  suflicient 
standards, the work of putting these into effect can be begun. 
This means the fixing of the best attainable working conditions 
and giving each worker definite tasks with an aclequate reward 
to each one who attains to the standard set. This part of install 
ing the methods must be accomplished with tact and patience, 
remembering that leadership and example are pt werful alds in 
bringing about enthusiastic codperation. 

51 The training of the workers is essential in this part of 
the application. This must be far more than mere demonstra 
tion, the mere showing’ that a thing ean be done. It must be 
patient teaching and help until the required degree of dexterity 
or skill is acquired, that is, up to the habit stage. It is evident 
that such work cannot be hurried. 


ov Such, broadly, are the three steps in the pra tice of man 


agement. It IS now necessary to investigate the nternal ele 
ments of permanence 1n such methods. if the proper mental! 


attitude is once taken, we believe it will never be given up. This 
is substantiated by a few cases when early attempts to improv: 
management were failures and the methods abandoned. Later. 
however, other attempts were made with substantial suecess 
The mental attitude outlived the failure. Thus in a given 
industrial organization this feature would not be lost except 
by a loss of the executive staff. 

53 The permanence of records of performance and stan 
dards needs only to be mentioned to be appreciated. (Onee set 
up in an industry, disaster is invited if they are disregarded 

54 To these is added a third in the nature of a spur from the 


working forces to the managing force. An adequate reward 
is one of the essentials. Whatever disturbs the mechanism of 
production interferes with the earning of the rewards. The 


workers at once object, pointing out the trouble and insisting 
that it be rectified. The management is spurred to keep al] 
conditions up to the fixed standard. Examples of this action 
have been brought to the attention of vour committee. 

55 The practice as outlined, while built upon fixed standards 
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and procedure, is by no means rigid and inflexible as has been 
alleged. The design and construction of labor-saving machin 
ery Is carried on with a multiplicity of ditlerent details. Labor 
saving management should likewise use a variety of details 
suited to the requirements of different industries and plants 
There can be nothing fixed in such human endeavor except the 
underlying principle. As a sunple matter ol fact we have 
found different methods, details and nomenclature in use in 
different plants. Many efforts have undergone marked change 
and development since first installed. Further, this idea of 
rigidity is repudiated by some of the foremost management 
experts. 


56 In Par. 39 is emphasized the need of a scientifi study 


of everything connected with production. The methods used 
are adapted from the research laboratory. But the purpose of 
their use is changed. The scientific investigator uses his labora 
tory to discover facts. Their discovery and declaration is his 
end and aim. The management investigator uses laboratory 
methods to discover facts for immediate use. The end and aim 


is utility. This is the test of industry. It is therefore unwis: 
and in fact detrimental to carry investigations to an extreme 
Enough facts must be observed to shape intel] rent ac tion. Per 
sons having time study and motion study in charge should 
possess that rare, intuitive, human quality that causes its pos 
sessor to know when enough observations have been collected 
to form a sound working conclusion. 

Dv =The pp sition of the expert in the practice of 1 anagement 
is more clearly seen as experience increases. The element of 
mystery has already departed. This is to be welcomed for it 
means the downfall of mere “ systematizers.” One of the un 
fortunate features of this great movement has been the rise 


been ready to pre mise extravagant 


of alleged experts W ho have 
results if they were allowed to systematize an industrial plant. 
The test which their work cannot meet is the one of permanence. 

D8 An industrial hiahnager who has had signal success in 
directing large enterprises sums up the more undesirable char 
acteristics of systematizing practice as: 

“qa The publication and quotation of statistics regarding gains made 
through the use of particular systems, without a frank state 
ment of the degree of inefficiency of the plants before reorganiza 
tion. 





1616 EPORT OF COMMITTEE ON ADMINISTRATION 


lilure to view the plant from the investor's standpoint rather 
i aS a laboratory offering opportunities for interesting and 
nsive experience. 
failure to admit that every application of past solutions to 
studied new and different conditions is an experiment. 
e waste of time and money on problems that will yield to scien 
fic treatment, but which do not recur often enough to justify 
uch a solution. 
he undervaluing of effective leadership in management and con 
sequent lack of permanency in results. 
The overvalue of emasculated ‘system’ leading to a curious non 
responsibility on the part of any person for the total result. 


¢ 


The frequent assumption that the treatment of the problems of 
similar plants should be identical 

The failure to properly appraise in a growing concern the value 
of its internal asset of ‘ good will.’ 

The imperfect analysis and appreciation of the human factor il 
industry, with a consequent failure to reckon patiently with 
‘habit’ and ‘inertia’ and a tendency to hasty ‘substitution,’ 


bringing about the breaking up of valuable organization.” 


59 The real expert concentrates on the facts of a o1vel 


problem, and from a wide experience in analysis, coérdinatior 


and practical responsibility works out a solution by scientifir 
methods, suited to the material and human factors involved. 
The tendency is for him to do less of the detail work of in 
stallation, but to train and direct the persons who are permat 


ently to manage. This is a true process of transference of skill. 
STATISTICAL DATA 


60 Your committee hoped to present statistics on the extent 
to which labor-saving’ management is in use. This could not by 
realized. Many industrial managers whom we have addressed 
have not honored us with their confidence in this direction. 
In fact, it seems as if a secretive stage is now with us. Ther 
are two reasons for withholding such information. The first 
is identical with the one that has developed “trade secrets ” 
and secretiveness in regard to machines, tools and processes, the 
desire to keep things of value away from competitors. The 
second is a belief that in the minds of some persons a reflection 
is cast upon the ability of the executives of an industrial estab 
lishment if outside experts are employed. Frequently a sys 
tem of management is referred to as the development of some one 
in the organization, although it was installed by a management 
expert, employed for the purpose. 
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61 Some idea of the variety of the industries in which labor 
saving management is in use can be gained from Appendix 
No. 3, which lists a total of 52. 


BROAD RESULTS OF LABOR-SAVING MANAGEMENT. 
62 In cases where the use of labor-saving management can 
be considered a success, the broad results have been: a reduced 
cost of product; greater promptness in delivery with the ability 
to set and meet dates of shipment; a greater output per worker 
per day with increased wages; and an improvement in the 
contentment of the workers. This last item is shown by the 
fewness of strikes under the new management, and in the refusa! 
of those working under the changed conditions to join in a strike 
of their fellows in the same plant who were not working under 
the new methods. ‘This last-mentioned situation has arisen a 
number of times. In one case an attempt was made to strike 


a room where about one half ol the operators were under the 


new conditions. These refused to go out: the rest went. 

63 These results indicate certain advantages to both em 
plover and employ é. But it is charged that the movement 
has not vel entirely justified itself from the economic view 
point, for it has not reduced the cost of product to the con 
sumer. The implication is that its possibilities will not be 


realized until employers, emplovés and the public are alike 
benefited. Wath this view we are in most hearty accord. Labor 
saving machinery has brought the comforts that we all enjoy to 
day. Labor saving management promises to extend those com 
forts. Where properly administered it is conserving labor and is 
thus contributing to the good of society at large, and although 
the benefit to the consumer may not vet he generally felt, it has 
already developed to a certain extent and will continue to de 
velop as the natural result of increased production. 


J. M. Dopner, Chairman 
L. P. ALForp, Secretary 
D. M. BATES 


H 4. EVANS Members 
WILFRED LEWIS Sub-Committee on 
W. L. Lyaul Administration 


W. B. Tarpy 
H. R. Townt 

























APPENDICES 
APPENDIX NO. | 


64 The following tables are taken from a book published in 1832, Econ 
omy of Machinery and Manufacture, by Charles Babbage. Table 1 gives 
the cost and operations in detail in manufacturing 12,000 No. 6 pins in 
France in 1760. The observations were made by M. Perronet. 

65 Table 2 gives similar data for manufacturing pins in England in the 
time of the author. The size is “eleven” of which there are 5546 to the Ib 


TABLE 1 OPERATIONS IN PIN MANUFACTURE IN FRANCE IN 1760 


lime of Cost of Workman Expense of 
Making Making usually Earns Tools and 
Name of the Process 12,000 12,000 per Day, Materials, 
| Pins, Hr Pins, Pence Pence Pence 
| . 
1 | Wire 24.75 
2 | Straightening and Cutting 2.3 0.5 4.5 
| ¢Coarse Pointing. 1.2 0.625 10.0 
| } Turning Wheel * a 1.2 0.875 7.0 
3 |< Fine Pointing 0.8 0.5 9.375 
| Turning Wheel ! 12 0.5 4.75 
Cutting off Pointed Ends 0.6 | 0.375 7.5 
J Turning Spiral 0.5 0.12 3.0 
aa | Cutting off Heads 0.8 0.37 5.625 
Fuel to Anneal Heads 0.125 
5 Heading....... 12.0 0.333 4.25 
6 { Tartar for Cleaning 0.5 
(| Tartar for Whitening 0.5 
Papering 1.8 05 2.0 
7 Paper 1.0 
Wear of Toole 2.0 
24.3 4.708 
* The expense of turning the wheel appears to have arisen from the person so occupied being 


inemployed during half his time, whilst the pointer went to another manufact 
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IN PIN MANUFACTURE IN ENGLAND A BOUT 1830 
Price of 
Time of Cost of Making Each 
Work- Making Makin Workma Dest of o 
Name of the Process men @ 1 Lb 1 Lt Ear Single Pin 
of Pins of Pins , Va in Millionths 
Hr Pence a Pent 
l Drawing Wire Man 0.3636 2500 25 
2 Straightening the Wire } Girl 0. 3006 0.1420 0 26 
( Woman 0.3000 2840 l l 
3 Pointing Man 0.3000 1.7750 . 2 } 
i [wisting and Cutting tl { Boy 0.0400 147 0 4 
Heads ( Man { 400 0.21 i s 
5 Heading Woman 4. 0000 5 0000 
6 Tinning r Whitening J Man 0 71 6666 f 2 
( Woman 71 3333 f 
7 Pape g Woman 2 14 73 t t 
7.6892 12.8732 232 
* Number rsons Emy Men Women, 4; Childr 2 " ) 
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APPENDIX NO 


complete list of papers published in the Transactions of The 


management 





Ame > Mechanical Engineers dealing with industria 

No 

207 ‘The Engineer as an Economist 

256 <A Problem in Profit Sharing 

341 Gain Sharing 

449 The Premium Plan of Paying for Labor 

596 The Relation of the Drawing Office to the 
Shop in Manufacturing 

647 A Piece-Rateé System 

928 A Bonus System for Rewarding Labor 

965 Gift Propositions for Paying Workmer 

1001 The Machine-Shop Problem 

1002 A Graphical Daily Balance in Manufacture 

L003 Shop Management 

1010 Slide Rules for the Machine Shop as a Part 
of the Taylor System of Management 

101L Modifying Systems of Management 

1012 Is Anything the Matter with Piece Work? 


1115 


1221 


A History of the Introduction of a System 
of Shop Management 
Training Workmen in Habits of Industry 


ind Coéperation 


Henry R. Towne 1886 
Wim. Kent [887 
Henry R. Towne 1X89 
F. A. Halsey ISO] 
\. W. Robinson RO4 
Fred. W Tavlor 1SO5 
H. L. Gantt 190? 
Frank Richards 190) 
Charles Day QOS 
H. L. Gantt 1903 
Fred. W. Tavlo iar) 
( ari Bart! yij4 
H | Gantt (4 
Frank Richard O04 
James MM Dodge Ut) 
H. L. Gantt 190 
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APPENDIX NO. 3 


67 Following is a list of the industries in which some form of 


saving management has been installed: 


Book binding Pin cans 


Building construction Valves and pipe fittings 


Carriage and wagon building Miscellaneous manufacturing 


Construction and vessels Beer 


repair of 


(navy yards) Beet sugar 


Fire-arms and ordnance soxes (wood and paper) 


Rifles Buttons 


Gun carriages Clothing 


Machinery building 


Cordage 


Automobiles Food products 


Agricultural implements Furniture 


Coal-handling machinery Flour 


Glass 


Electrical machinery 


Founding, iron and brass Lumber products 


General machine work Pianos 


Gas engines 
Locomotives 
Machine tools 
Molding machines 
Pumps 


Paper and paper pulp 
Rubber goods 

Soaps 

Shoes 


Slate products 


labor 

















Pneumatic toools Printing and lithographing 


Sewing machines Railroad maintenance of motive 


Typewriters power 
Wood-working machinery Steel manufacture 
Metal and coal mining Textile manufacture 
Metal working Bleaching and dyeing 
Cottons 
Velvets 


Woolens 


Bolts and nuts 
Chains 
Hardware 
Tanks 








THE PRESENT STATE OF THE ART OF 
INDUSTRIAL MANAGEMENT 


MINORITY REPORT OF SUB-COMMITTEE ON ADMINISTRATION 


I am unable to sign the majority report in its entirety, much as | 
admire the thoroughness with which it has been prepared and its 
great interest. In its general tenor it distinctly implies the de- 
sirability of what is termed labor-saving management, involving the 
planning department, functional organization and the bonus system. 
Perhaps this statement is not strictly justified, but I cannot avoid 
the impression after reading the report most carefully. That the 
methods of management have undergone a great change in recent 
years I certainly agree. I would explain it by stating that in many 
respects the art of management is developing into a science. In 
common with most lines of work, the method of investigating facts 
has changed. Phenomena are analyzed, information is obtained 
accurately, the mental attitude of the manager is scientific rather 
than empirical. Things that used to be known generally by gradual 
experience are now known specifically by detailed observation. In 
the course of this development many new systems and ideas have 
been invented, time studies, motion study, payment systems, func- 
tional management, etc. Some are new, others partly new, others 
simply practices of many managers put into definite form. The 
science of management will classify these for us, perhaps even ex- 
plain their advantages and limitations so that we may in time know 
which is preferable and when. 

2 But the introduction of the use of these methods has been 


attended by claims as to the results that might be obtained by their 


use, and these claims have led to such absurd statements as that 
made before the Interstate Commerce Commission, which is referred 
to in the report. I feel most strongly that each of the suggestions 
that have been made to improve methods of management may have 
merit, but I do not feel that any one of them is a panacea for all our 
inefficiency. For instance, in certain classes of work time studies 
are valuable, in others they may be a waste of time. In certain 
1621 
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classes of work [ consider piece-work or bonus systems desirable, in 
others I consider them inferior to day work. Functional management 


may be an improvement in certain industries, in others I do not 


consider it suitable. In some cases the workman can be trained by 
the skilled executive, in others he can train him with easée 


3 In general | feel that labor-saving management is 


] 


particular system, Dut will always remain the art of sek 
ipplying the most appropriate methods furnished by the scien 

managem e science that records what these methods are nd 
the results obtained from them. As you will see, I agree with your 
correspondent in his last paragraph, quoted under Par. 28; but his 


opinion is not really represented in the trend of the report 
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AIR IN SURFACE CONDENSATION 
By Geo. A Orrok, NEw YORK 
Member of the Society 


In the paper on The Transmission of Heat in Surface Con- 
densation', the subject of the effect of air on vacuum and heat 
transference was considered and reference was made to the few 
authorities who had investigated this subject. The author was 
unable to find that any one had quantitatively measured the air 
in a condenser, except J. A. Smith who had introduced known 
quantities of air and noted the effect on vacuum and heat trans 
ference. 

2 In view of the lack of knowledge of this subject the author 
determined to investigate : 

a The amounts of air contained in feedwater and those 
entering the condenser through the prime mover. 
b The amounts of air removed from the condenser Ly 
means of the air pump. 
The effect of known quantities of air on the action of 
a surface condenser of commercial size. 

35 The problem of air in the feedwater has been investigated 
by Smith whose paper appeared in London Engineering, Octo 
ber 7, 1904. He gives a table showing that the gases present 


in various samples of fresh and salt water varied from Approx 


mately 7/10 of one per cent to as much as 314 per cent by volume. 


He also investigated the emission of gas from water when heated 
to about the boiling point and gave figures and curves showing 
his results. 

t The author’s investigations were made at the Waterside 
No. 2 station of the New York Edison Company and the water 
samples were taken both from the suction and discharge sides 

Trans. Am.Soc.M.E., vol. 32, p. 1139. 
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of the feed pump The average temperature of the feedwate 


during the tests, after having passed the. heater, 


190 deg. fahr. It was thought possible that ther 


(Fy 
bubbles mechani ally entrained in the water. 
of air in solution. To dete: 
air san ples of the water we) 


paratus which ts show: 


the tube / and pass 
where the ail separa 
cylinder; the water fi 

B into the elas lem 
were started with the 

air collected was me: 

of the pressure-reg 

alr was determined by the 
dissolved in the feedwate1 


of the following reaction 
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2Mn(OH),4+0,=2H,MnO 
°TMnO.-+-SHel—2MnCl,+6H,0-+2C| 


Hy I+—vCl,—+h¢ ‘| 


The free ne liberated was titrated with a solution o 
odium thiosulphate of known strength and its amount cete! 
mined From this amount the quantity of oxygen in solution 
n the sample of water taken was calculated. The amount ot 
Lir in solution was then figured from the known ratios of ox) 


gen and nitrogen in solution in water at variou temperatures 


The determination in this way may be considered quite accurate 


6 This determination of air in water was also made of a 

of samples of Croton water (the make-up feed) and 

from hot well water. The following results, in per cent. were 
obtained of air by volume at atmospheric pressure 

IST deg. fahi 


Mechanically entrained in feedwater, average of t rr 0.0151 
In so min feed tel erage of ten tests 0.916 


open tv 3 O93) 


52 deg. fahr 


1 207 


80 deg. fal 


iverage 0.2609 


ts show that Croton water gives otf most of 
n passing through the open heaters, the amount 
n the feedwater (0.931 per cent) being con 
\t 1 deg fahr. and 2 in. of mercury abso 
saturated with water vapor, this amount 


only 1/17 of the volume of the condensed 


ied accord well with reports from othe 


1 


the author could find but little quantitative 

information } he subject Che fact wv is esl iblished., however, 
that very ir came into the condenser from the feedwater. 
9 Having obtained the portions of air which enter the prime 
nover along th the steam. the next object of Investigation Was 
to determine the amount of air abstracted from the condenser 
by the air pump. Here again there were no precedents but it 
was determined to catch the air over water in a gasometer. For 


this purpose the discharge pipe of the air pump was piped toa 
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gasometer bell located in the basement in the vicinity of the 


air pump. A sketch plan of this outfit is shown in Fig. 2. 


10 After the air pump had been running for a sufficient 
time to make sure that the conditions were constant, the valve 
was opened and the discharge from the air pump was allowed 
to enter the bell allowing it to rise. The time required to fill the 
bell was noted with a stop watch and from these data the 
amount of air delivered was calculated. The air in the bell 
was brought to atmospheric pressure and temperature before 
the final readings were taken. 

11 Other tests were made with the pump shut off from the 
condenser to determine the air leakage in the pump itself and 
also with the suction piping blanked off at the condenser to 
determine the pipe leakage. 

12 In a number of cases these readings showed excessive 
leakage in the condenser shell which was remedied before the 
final readings were taken. A second apparatus has been pro- 
vided for Waterside No. 1 and both stations at the present time 
are so arranged that in a few hours the air leakage of all the 
air pumps as well as the condensers may be tested. This is a 
great help in operating and serves a useful purpose in enabling 
attention to be given where there was no indication formerly of 
leakage. 

13. A great many air tests have been made on all of the units 
in the two stations. Usually readings were taken during the 
time necessary to fill the bell (from 1 to 20 minutes) of the air 
temperature in the bell, the air suction temperature, air dis- 
charge temperature, vacuum at the top of the condenser, vacuum 
in the air suction line to the pump, hot well temperature, cir- 
culating water inlet and outlet temperature, amount of cylinder 
cooling water with its inlet and outlet temperatures, revolu 
tions per minute of the pump, power delivered by the prime 
mover and sometimes indicator cards on both air and steam 
cylinders. Table 1 shows a collection of some of the more in 
teresting of these tests. 

14 In the experimental apparatus used to obtain the data 
for the paper on The Transmission of Heat, it was impossible 
to detect any difference of temperature due to the segregation 
of air in the various parts of the single tube condenser. On 
the large condensers on which these air tests were made such 
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a difference of pressure and temperature does exist, the differ 
ences of pressure being quite strongly marked. ‘The curves for 
a number of these condensers, showing the increase in drop 
with the increase in amount of steam consumption, are illustrated 


in Fig. 3. 


15 A number of experiments were made to find if t] droy 
0.70 
= Tube Surface, Sa. Ft 
S A "3 10D 
> 0.60 B 14 
a 0 aS iL | 
‘i D 70 
E 0.50 F — 18,000 
— G 18.000 
i H = 18.00 
ps K — 18,000 ‘ f 
te 0.40 
E 0.30 
EF O21 
0.10 = 
La A 
ou— 
Le “ 
Fig. 3 CURVES SHOWING RELATION BETWEEN 1) 
( ONDENSEI 
was continuous through the tube surface o het 
restrictions concentrating the Live p im ome il 
a number of experiments were made to redtce | ' 7 
drop by taking out tubes thus opening chann ni 
of the tube surface. The results here were (pparel tly negat 
16 To ascertain the effect of known quantities of on tl 
vacuum suitable orifices of various sizes wert nstall it the 
top of the condenser SO that the introduced ai on porhyt 


the incoming steam. These orifices were the ordi 
orifices through thin plates and the amounts of air entering 
the condenser were checked lp by the “ail delivered rit t 
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air bell from the air pump. These results are shown in Fig. 4. 

17 The tests in each case were run at constant load which 
was considerably below the capacity of the condenser. 

18 Four sets of tests were run to determine the effect of 
load on air leakage, two on machines which were in bad condi- 
tion and two on comparatively tight machines. The results are 
shown in Fig. 5. It should be noted that in every case the air 
leakage is less at the higher loads. 
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19 In the paper on ‘The ‘Transmission of Heat it was inferred 
from Smith’s cury that the heat transfer varied as the fifth 


. ° Ps 7 ; 
power of the ratio " Since that time many tests have been 
. Pt . 
run from which sufficient data to calculate this relation were ob- 


tained, and the results are shown in Fig. 6. None of the tests 
approach the capacity of the tube surface but the results are con 
sistent. 

CONCLUSIONS 


20 Where open heaters are used very little air is carried to the 
prime mover with the steam. The volume of this air at at- 


4 
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inospheric pressure and temperature will probably not exceed 
per cent of the volume of the feedwater. As the whole system 
is under pressure from the pump nearly to the final stage of 
the turbine no air leakage can take place up to that point. 
21 The air discharged by the dry air pump at atmospheric 
pressure and temperature from units between 5000 kw. and 20,000 


kw. in size varies from 1 cu. ft. per min. when the units are in the 
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best condition, to 15 or 20 cu. ft. where ordinary leakage is 
present, and to 30 or perhaps 10 or 50 cu. ft. where the units 
are in very bad condition. 

22 Most of this leakage comes into the condenser and exhaust 
passages through minute leaks in the cast-iron shells, gaskets, 
and expansion joints. It is exceedingly difficult to detect these 
leaks with a candle flame but most of them may be detected by 
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filling the condenser with warm water under a slight head. 
hat portion of the leakage occuring in the dry air pump and 
piping may be detected by the shut-off test on the pump. The 
volume of this leakage is larger than generally supposed and 
is much larger when the pump is warm. 


23. The drop in vacuum through condensers of standard de 
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sign is larger than it should be and a design which freely admut 
the steam to the tube surface should give better results. The 
opening of channels into the surface will not always improv 
conditions. The results indicate that wide shallow condenser: 
should o1ve better results although in at least two instances deep 
narrow condensers gave good results. 

24 The falling off of vacuum with increased air leakage is 
considerable and the work necessary to maintain tight con 
densers more than pays for itself. 
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25 Air leakage decreases with an increase of load. This fact 
in some measure corrects the decrease of vacuum at the increased 
loads. 


26 The exponent of the ratio “* on page 1161 of Volume 
Pr 
of the Transactions of the Society may be changed from 5 to 2 


pending further experiments to establish a better value. 

27 During these experiments in which four different kinds 
of dry air pumps were investigated it became evident that the 
volumetric efficiency of a pump working between 14 lb. and 15 
lb. absolute is very poor indeed. The difficulties of keeping 
valves, pistons, glands and packing tight against such a tenuous 


»< 
dz 


‘ 
t 


fluid as air at vacuum pressures are of much greater moment 
than is usually believed. It is hoped that some of the types of 
kinetic air pumps now being placed on the market will reduce 
these difficulties to a practical amount. 

28 Considerable difficulty was experienced in securing vacu 
um temperatures during these experiments and most of the 
work has been repeated a number of times where such tempera- 
tures are essential. It has been impossible up to the present 
time to secure readings which were entirely consistent and the 
work along this line will be carried on until the cause of the 
discrepancy is ascertained and correct figures obtained. 

29 The author wishes to acknowledge the efficient aid 
rendered him in conducting these experiments by his assistants, 
Messrs. FE. B. Rickets, J. H. Lawrence and J. S. Kerins, and 
by P. E. Reynolds, engineer of tests. 











MEASUREMENT OF NATURAL GAS 
By THos. R. WreymMouTH 
ABSTRACT OF PAPER 


In the measurement of natural gas there are two distinct requirements to be 
met. The first relates to the determination of the open flow capacity of gas 
wells, for which two principal methods are used, namely, the ‘‘minute pressure”’ 
measurement and the pitot tube. This paper describes these methods, giving 
the proper formulae to be used with them. 

The second requirement is that of the measurement of flow in closed pipes 
While large proportional meters are used extensively for this purpose, the high 
pressures often encountered have a tendency to introduce serious errors, making 
it necessary to resort to more accurate devices. Of these, the best known ar« 
described, namely, the Thomas electric meter, the venturi meter, the pitot tube, 
ind the orifice The general formulae are given for the last three named, to- 


gether with their derivations 
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MEASUREMENT OF NATURAL GAS 
By THos. R. Weymoutu, Ow Criry, Pa 


Member ol the Society 


One of the most important problems encountered in natural gas 
engineering is the accurate measurement of gas in large volumes. 
For the purpose of discussion, the subject can be divided into two 
general classifications, namely, open flow and closed flow measure- 
ments. The first relates principally to the determination of thi 
volume of gas a well is capable of producing, while the second refers 
to all closed pipe flows. 

2 Under the first head, there are two general methods in ust 
for measuring the open flow of a well, that is, the quantity of gas 
the well is capable of producing against an absolute back pressure 
of one atmosphere. The first of these is purely approximate, and is 
called the “minute pressure’? measurement, wherein the well is per- 
mitted to blow into the air until its “head”’ is blown off, and is then 
suddenly closed in by a quick-acting gate, the accumulated pressure 
being noted at the end of one minute from the time the gate is closed 
Then, Q, the open flow capacity of the well in cubic feet per day, 
on an atmospheric pressure base of 14.4 lb. per sq. in. absolute, be 
comes 


), : - ) , ba 
g=1440 vi PmtPo_Pol _ i449 v 2™=100 Vpm.........-[ 
( Pp. P.) om 
in which 
V =volume of well tubing in cu. ft. 


Pm=minute pressure in lb. per sq. in. gage 
P.,=atmospherie pressure in lb. per sq. in. absolute 
4 This equation assumes that while the gas is flowing freely into 
the air, the well is filled with it at a uniform pressure of one at- 
mosphere, and at the end of one minute it is filled with gas at a 
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uniform pressure equal to the minute pressure. Neither of these 
assumptions is correct, since in both cases there is a gradually in- 
creasing pressure from the top of the well towards the bottom, 
similar to that in a pipe line.! The resulting errors tend to counter- 
act each other, however, and if care is taken in making the measure- 
ments a comparative idea will be obtained of the ability of the well 
to produce gas against a back pressure equal to a mean between the 
atmosphere and the minute pressure. Since the open flow will be 
greater than the flow against this back pressure, the assumption that 
the minute pressure gives an open flow measurement errs on the 
side of conservatism. 

4 The second method of open flow measurement is that by 
means of the pitot tube, and is the one generally used for accurate 
determinations of well capacities. This method has been described 
in detail by Prof. 8. W. Robinson,’ who was probably the first to 
use it in connection with gas. The method was further discussed 
by him in the Geological Reports of Ohio,’ wherein tables are pub- 
lished by means of which the flow may be computed from the pitot 
tube observations. These tables have been in general use by natural 
gas men for many years, and are based on the formula 


Q = 1,462,250 w(ey” ~] 2 
\P, ) 
5 Equation [2] was derived from the formula for adiabatic flow 
2gn X 144 =] | 2 
(n—1)6 \\P, pen ‘om 
In equations |2] and {3} 
v =velocity of flowing gas, ft. per second 
P.,=absolute pressure of atmosphere, lb. per sq. in. 
n =ratio of specific heats 
6 = weight per cu. ft. of gas at pressure Pe 


G¢ =specific gravity of gas, air=1.0 
P 
d =internal diameter of well mouth, in. 

() =open flow capacity of well, cu. ft. per 24 hr. 


= absolute pressure shown by pitot tube, lb. per sq. in 


6 In computing his tables, Professor Robinson used the following 
values for these quantities: 


' Problems in Natural Gas Engineering, The Journal, Am. Soc. M. E., May 
1912, p. 723, Fig. 5. 
Van Nostrand’s Engineering Magazine, August 1886 
Vol. 6, 1888. 


THOS. R. WEYMOUTH 164] 


n =1.408 
2g =64.3 
P= 14.6 
G =0.6 


6 =0.0807 : “G 
T 
T =T,=T,=492 deg. 

where 

T.,.=absolute temperature of melting ice 

T =absolute temperature of flowing gas 

T, = absolute temperature of storage 
all being in fahrenheit degrees. 

7 The ratio of specific heats for natural gas is more nearly equal 
to 1.266 than to the value used above. Inserting this value and 
using values for the other quantities as follows: 

T =500 deg. 

T., =520 deg. 

P,=14.4 

Storage Pressure, P,= 14.65 

the formula becomes 
Tet wae: ) 
()= 1,758,560 d° ( | ere daw 4 

(\14.4, } 

8 At 60 lb. gage pressure per sq. in. (the highest given by Pro- 
fessor Robinson), formula [4] makes the flow about 1 per cent lower 
than that derived from formula [2], whereas at 1 lb. it gives a result 
about 4 per cent higher. 

9 The open flow measurement is not required with the same 
degree of accuracy as that of closed flow, where gas is being bought 
and sold, and at best is only intended to give a fair idea of the pro- 
duction. Even if an accurate measurement were made it would 
give no precise notion of the real productive value of the well when 
it must feed into the line against a high back pressure. Conse- 
quently, if it is desired to know the capacity under these conditions 
it is best to insert a pitot tube into the lead line from the well while 
operating under normal conditions. This involves the second divi- 
sion of the subject, namely, closed flow methods of measurement. 

10 In closed flow measurements of gas where the volumes are 
small and the pressures are low, the ordinary positive gas meters 
are satisfactory, but for wholesale measurement some other type of 
meter must be adopted because of the prohibitive size of the positive 
type necessitated by large flows. The matter is further complicated 
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by the fact that usually when gas is bought or sold in large quan- 
tities it must be measured under varying pressures, necessitating the 
use of a correction factor to reduce the meter readings to quantities 
on a standard pressure base. There are many different types of 
proportional meters in use for this purpose, equipped with recording 
gages. The meter registration is then multiplied by a factor de- 
pendent upon the record of the gage in order to correct it to volumes 
based on the proper buying or selling pressure. 

11 In addition to proportional meters there are a number of 
other devices in use which aim to attain a higher degree of accuracy 
among which the most prominent are the venturi meter, the Thoma: 
electric meter, the orifice, and the pitot tube. 

12 ‘The venturi meter is used principally for low pressure meas- 
urements, and while extremely accurate, is handicapped by possess- 
ing a complicated formula for the expression of volumes, which ren- 
ders very tedious the computation of results from its records, and 
which demands a knowledge of the ratio of specific heats of the gas 
at constant pressure and constant volume, respectively This 
formula is as follows: 


P» 
fs n , Fo | | 
Q=210,840 Ar, y (;;) ssn: 
PoN (n—1)G VT, \P | (ay) 
\ A P, 


() =flow, cu. ft. per hr., on absolute pressure and tempera- 
ture bases P, and T, 
n =ratio of specific heats 


wherein 


G =specific gravity of gas 

A,=area of venturi meter at entrance, in sq. ft. 
Az:=area of venturi meter at throat, in sq. ft. 
P,=absolute pressure at entrance, lb. per sq. in. 


| 


P,=absolute pressure at throat, lb. per sq. in 
=absolute temperature at entrance, deg. fah: 
T,=absolute temperature at throat, deg. fahr. 


—_ 


13 For any particular meter and quality of gas, and assuming 
definite values of P,, T,, and T,, equation [5] reduces to the simpler 
form 

Q=KP,R* ., R® 6 
\ 1—CRe 
‘See Appendix No. 1. 





THOS. R. WEYMOUTH 1643 
where 


K = 210.840 A 


o=(4) 


*PLNn—1 a7 


I? cs 
‘ P 
| 
a 
nr 
si 
n 


14 The Thomas electric meter! is an extremely accurate instru- 
ment for the measurement of gas and is comparatively simple in 
construction. It operates on the principle that the energy required 
to heat any quantity of a given gas through a definite temperature 
range is directly proportional to the weight of the gas heated, and 
can therefore be used as a measure of it. In practice, electrical 
energy is used to supply the heat and is automatically controlled 
in such manner as to cause the temperature increase of the flowing 
gas to remain fixed at a value of about 2 deg. fahr. The electrical 
energy required to do this is measured by means of wattmeters, the 
dials of which can be graduated to read direct in cubic feet of gas 
based on any desired standards of pressure and temperature. The 
method is independent of the actual temperature and pressure of 
the gas entering the meter, depending solely upon its specific heat 
at constant pressure. Since the records of the device are obtained 
through the medium of wattmeters, they can therefore be made to 
give either a rate reading of flow, an integrated or totalized reading, 
or both. 

15 This meter has been subjected to very thorough tests in con- 
junction with the pitot tube and venturi meter ' which have firmly 
established the accuracy and reliability of all three of the devices. 

16 The Thomas meter requires a supply of electric energy 
equivalent to about 1 kw-hr. for each 75,000 cu. ft. of free gas. This 
fact greatly restricts its use in the measurement of natural gas, 
especially in the field where such power is not usually available. 

17 The most practical devices known to the author for general 
use in the accurate measurement of gas are the pitot tube and the 


1 Measurement of Gases, Carl C. Thomas, The Journal of the Franklin In- 
stitute, November 1911. 
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orifice, both of which are extremely simple in construction and are 
based on fundamentally correct principles. ‘The formula expressing 
the flow of gas is identical for the two instruments for the range 
through which they are usually used. 

18 The pitot tube was first described before the French Academy 
of Sciences in 1732 by its inventor, Pitot, who stated that it followed 
the principle of the law of falling bodies, namely v?=2 gh. For over 
a century after its discovery this wonderfully simple and accurate 
device was regarded merely as a scientific toy, until about 1850, 
when D’Arcy adapted it to closed pipe flows by the addition to the 
bent tube of a static pressure tube. It was then found that the 
difference in height of liquid in the two columns of a U-gage con- 
nected to the dynamic and static tips of the tube respectively, gave 
a true measure of the velocity, and followed Pitot’s originally stated 
principle exactly, viz., v?=2 gh. 

19 Prof. S. W. Robinson seems to have been the first to have 
applied the pitot tube to the measurement of gases. In 1873 he 
experimented with it in determining the velocity and form of jets of 
air from orifices, which led to the development of a commercial pitot 
tube for gas measurement. 

20 Ifa pitot tube is inserted in a pipe conveying gas and a traverse 
made over the cross-section of the pipe, it will be found that the 
highest velocity exists at the center and the lowest at the walls. 
For this reason it has been customary for experimenters to determine 
the particular point in the cross-section of the pipe where the velocity 
corresponds to the mean velocity of the whole cross-section, and to 
keep the tube at that point for the determination of the quantity of 
flow as computed from the velocity readings. This point varies ac- 
cording to the condition of roughness of the interior surface of the 
pipe in which the tube is inserted, and accordingly it is necessary to 
determine it for each particular pipe used. 

21 When a tube is to be used as a permanent gas meter, it is 
better, because of the fact just noted, to construct the pipe with 
extreme care, having the interior of uniform size and highly polished, 
and then to place the tip in the exact center of it. This necessitates 
the inclusion in the theoretical formula of a factor which in this 
paper is termed the “efficiency” of the tube, in order to reduce the 
flow, as indicated by the tube readings, to the value it would assume 
were the tube at the point corresponding to mean velocity instead 
of being at that of maximum velocity. 


22 The tubes used by the author are all constructed in this man- 
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ner. ‘The instrument as a whole is termed a pitot tube (comprising 
both the pipe and the bent tube inserted in it), and the bent tube 
portion of it is designated as the “‘tip.’’ The pipe consists of 12 ft. 
of seamless drawn brass tubing with highly polished interior surface 
and gaged to accurate size. About 27 in. from the outflow end a 
brass saddle is sweated on, through which the tip projects into the 
tube, and which also contains the static pressure connection, which 
is merely a hole drilled through the saddle and tube flush with the 
inside wall. The tip is constructed in such manner as to be readily 
removable for cleaning, and yet exactly central in the tube when 
re-inserted. 

23 A series of standard tubes of this type are maintained, against 
which all new tubes are calibrated. These standards, ranging in 
size from 2 in. to 6 in., were themselves calibrated by exhaustive 
tests against a large gas holder under different conditions of flow and 
pressure. The coefficients thus obtained were found to be constant 
throughout the complete range of water readings under which the 
tubes are used and also for all pressures. 

24 The accuracy of these standards is attested by the paper by 
Professor Thomas already referred to, in which are given the results 
of a 45-day test at the Brave pump station of the People’s Natural 
Gas Company of Pittsburgh, during which the Thomas electric 
meter was connected in series with pitot tubes that had been cali- 
brated against the standards above referred to. A total of about 
337,000,000 cu. ft. of gas was measured with a difference between 
the two meter records of 0.2 per cent. 

25 The general formula ! of the pitot tube and orifice is expressed 
by the equation 
ie hP 


Q=218.44 Ea? 
: “ PN 1G 


~! 


where 
E =efficiency of the tube, expressed as a decimal 
d =internal diameter of the tube, in. 


T,=absolute temperature of measurement base, deg. fahr. 
P,=absolute pressure of measurement base, lb. per sq. in. 
G =specific gravity of gas —air=1.0 

P =absolute static pressure of flowing gas, lb. per sq. in. 
T =absolute temperature of flowing gas, deg. fahr. 

h =velocity head of flowing gas, in in. of water 


‘See Appendix No. 2. 
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Assuming standard conditions of storage temperature and pressure, 
namely, P,=14.65 lb. per sq. in. absolute, and T,=60+460=520 
deg. absolute, equation |7 | becomes 
"Ee 172 hP 
GJ= (100 Ed? ul 8} 
\ TG 
26 For any particular installation the gravity of the gas is once 
2 any p: all: gravity} as is 
determined, and, with an assumed value for flowing temperature, is 
included with E and d to form a coefficient, making the formula read 
Q=C VAP [9] 
where 
. Ie : 
C =218.44 Ed? : LO 
ra¥igG 
27 «If the flowing temperature is other than the value assumed in 


making up the coefficient, the flow is corrected by multiplying by 


the factor 


r. 
\ T , where 7’, is the assumed flowing temperature. 


28 The value of # is remarkably constant for tubes ranging in 
size from 2 in. to 5 in., as will be seen from the following tabulation 


taken from the standard tubes already referred to: 


Actual Diameter ifficiency, 
of tube, d E 
3.0625 0.8534 
3.96875 0.8515 


5.0469 0.8541 
Mean 0.8530 


29 Assuming the average value of E to be 0.8530, the coefficient 

of any pitot tube constructed as above described will be 

C =381.7d? [11] 
based on a storage pressure of 14.65 lb. absolute, storage tempera- 
ture of 60 deg. fahr., flowing temperature of 40 deg. fahr., and 
specific gravity of 0.600. 

30 In using the pitot tube it is essential that a straight run of at 
least 30 ft. of pipe of the same diameter as the tube be installed ahead 
of it, in order to avoid errors due to eddies in the flow. It is also 
necessary to have absolutely no leaks in the pressure lines leading 
from the tube to the differential gage. 

31 In practice the U-gage is modified by making one leg to con- 
sist of a cast-iron water pot having a cross-sectional area many times 
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yreater than that of the glass tube comprising the other leg of the l 
hus the height of the water level in the pot does not change ap- 
preciably for a change in the glass tube from zero to full scale read- 
ng of about 28 in. The pot is provided with a gage glass to show the 
evel of the water in it, to which the zero of the adjustable scale is 
set, thus necessitating the reading of but one leg of the U-gage, that 
comprised by the long gage glass. 

a2 The scales used in the tubes described ar graduated to 28 
in., and are used under all conditions of pressure. If the static 
pressure of the flowing gas is equal to that of the atmosphere, the 
full scale water reading corresponds to a ve locity in the pipe of over 
22,000 ft. per minute. As the static pressure increases, the velocity 
equivalent becomes smaller and at 100 lb. gage is about 8000 ft. per 
minute. Thus, the higher the pressure under which the tube oper- 
ates, the greater will be the range of water pressure permissible to 
use. 

30 It is not considered advisable to use the pitot tube for flows 
giving a differential pressure less than 2 in. of water, owing to the 
high percentage of error resulting from any personal error in reading 
the gage at such low readings. With a maximum scale reading of 
28 in. this means that under atmospheric pressure conditions the 
ratio of maximum to minimum quantities of gas susceptible of accu- 
rate measurement by the pitot tube is about 3.75 to 1. Assuming the 
same permissible velocity (22,400 ft. per minute) under a pressure of 
100 lb. gage, the maximum water scale reading could be increased 
to more than 200 in., giving the tube a range of 10 to 1. The author 
is now conducting experiments along this line, but as yet has not 
progressed far enough with the work to state authoritatively to what 
extent this range may be extended without affecting the constancy 
of the coefficient. 

34 At present the usual method of obtaining the required range 
of capacity In a pitot tube measuring station is to install the tubes 
in batteries so that more or less of them may be cut in or out of 
service, as conditions demand, for obtaining accurate readings. 


35 In accordance with Torricelli’s theorem, the velocity of issu 
of a fluid from an orifice follows the law of falling bodies, and the 
formula deduced therefrom expressing the quantity of flow is iden- 
tical with that of the pitot tube. The vena contracta of the jet, 
however, causes the coefficient of flow (termed “efficiency” herein 
to have a lower value than the corresponding factor in the pitot tube 


formula. For differential pressures greater than about 4 in. of water 
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it is sensibly constant, and thus the orifice furnishes a simple means 
of gas measurement that compares favorably with the pitot tube. 

36 Instead of a water column, requiring personal observation at 
regular stated intervals, a recording differential gage may be used, 
constructed with the working parts enclosed in a casing to which the 
static pressure is applied, while the dynamic pressure is applied to 
the interior of the gage. Such an instrument has been used with 
success in connection with an ordinary recording pressure gage for 
determining the static pressure, thus obviating the necessity of 
having an attendant constantly on duty to make observations. 

37 The simplicity of the pitot tube and orifice, both in manipula- 
tion and computation, and the high degree of accuracy attainabl 
with them, render them invaluable in the measurement of natural 
gas in large volumes and at high pressures. The tube has been in 
commercial use for many years, with highly satisfactory results. 
The orifice, although one of the oldest known measuring devices, has 
not until recently been used extensively in the measurement of gas 
under high pressure closed flow conditions. It is being rapidly de- 
veloped, however, and bids fair to come into extensive use as a 
simple, accurate gas-measuring device. 

38 The only disadvantage in the use of these two instruments 
is the necessity for the computation of results. Their largest field 


has consequently been in the measurement of sufficient quantities 
of gas to warrant the maintenance of stations with observers con- 


stantly in attendance. The adoption of the recording gages, how- 
ever, has greatly extended their usefulness and has consid rably 
simplified the problem of the accurate measurement of gas under 
pressure. 
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39 The general formula of the venturi meter is derived on the assumption 
that the change in state of the gas between entrance and throat of the meter 
takes place adiabatically. Hence the drop in potential energy, as evidenced 
by the respective pressures is equal to the increase in kinetic energy indicated 


by the respective velocities at entrance and throat 


| A) S 
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iG DIAGRAM OF VENTURI METER 


Fig. 1, which diagrammatically represents a venturi meter, let 

area of cross-section at entrance, sq. It 
irea of cross-section at throat, sq. ft 
absolute pressure, lb per sq. In. at entrance 
absolute pressure, lb. per sq. in. at throat 
absolute velocity at entrance, it. per second 
absolute velocity at throat, ft. per second 
weight of gas passing per second 
density of gas at entrance, lb per cu. If 
density of gas at throat, lb. per cu. ft 
absolute te mperature of gas at entrance 
absolute temperature of gas at throat 
absolute te mperature of storage base, deg. fahi 
absolute pressure of storage base, Ib. per. sq. in 
specific gravity of gas, air =1.0 
absolute temperature of 32 deg. fahr. = 492 
absolute pressure of atmosphere, lb. per sq. in 
weight of wate per cu ft. at 60 deg. fahr 62.37 lb 
density of air at 7’, and P 
density of air at 7; and P 

HW 


Kinetic energy of gas at entrance 
“a 
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Wo? 


Kinetic energy of gas at throat : 
“g 


Increase in kinetic energy is 

Wo, Wo? W 
29 29 29 

41 The work done on one pound of gas in expanding 


J B an 
uk \U3 


adiab 
to Py, is 
144 (P\V,—P2V;2 
n—1] 


ind the change in potential energy in W pounds of gas per 


144 W (P,V; 


42 Hence 


But 1,A;6 023A35 


P,7 
(76 
P T; 


ind extracting the square root 


Substituting in [15], 
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288 gn P.T; | (**) ) 
l 
n—1 Gé,T.\ P, 
As 2 P, 
1 
\ al x) 
44 The flow, in cubic feet per hour, based on P, and T, is 


P,T 
P. 7; 


Ps Pybe =P) 
T, Ti Ti\P 


Q =3600 A 


Q =3600 Aw 


1 
Q =210,840 A 
: *PpN 
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$5 lhe general formu! lor the ot tube and the or 


' 
law of falling bodies. Let 
i] absolute temperatur flowing g eg I 
Pp ibsolute pressure of flowing gas. |b per sq 
weight per cu. ft lowing gas, at P and 7 
(; specie gravity I] ving g i 1.0 
t ictual velocity of flowing gas. ft. per se nd 
he height in ft. of homogene column of gas at P ay / 
} corresponding height of water column in jy 
weight per cu. tt. of water 62.37 lb 60 deg 
r. ihsolute storage pressure Dase iD. per sq. 
I’, =absolute storage temperature base deg. fahr 
. weight per cu. ft t 62 deg. and 14.7 ]I O.0ON0) 
ictual ide d el ror 
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THE CENTRIFUGAL BLOWER FOR HIGH 
PRESSURES 


By Henry F. Scumipt,! East Pirrspurau, Pa 


Non-Member 


ln presenting the following notes, the writer does not claim origin- 
ulitv, but offers the material simply as a collection of the essential 

ements of blower design in convenient form for reference. 

2 The centrifugal blower for high pressures has suffered through 
the same lack of knowledge in regard to its possibilities as that 
which affected the introduction of the centrifugal pump for high 
pressures and high shaft speeds. A general impression was created 
among engineers from early experiments that centrifugal pumps and 
blowers were adapted for handling only large volumes against low 
heads and with comparatively low efficiency. This, however, has 
been shown to be an incorrect statement in the case of centrifugal 
pumps and it is also untrue in respect to centrifugal blowers. 

3 With proper methods of construction of the rotating parts and 
due regard to the theory involved, it is possible to build blowers for 
practically any capacity and pressure with efficiencies ranging from 
65 per cent to 80 per cent or more, the higher efficiency, of course, 
being for the larger volumes handled. 

{1 Before an intelligent conception of the characteristics of cen- 
trifugal blowers can be obtained it is necessary to examine the theory, 
which is not only simple but extremely interesting. 

5 The first problem to be considered is the pressure created 
within the impeller due to the centrifugal force acting on the volume 


of air between the blades of the fan. This can be done as follows: 
Westinghouse Machine Company 


[ae AMERICAN SociETY OF MECHANICAL ENGINEERS, 29 West 39th Street, 
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6 In Fig. 1, imagine a tube extending radially from the shaft to 
the circumference, and assume the area of this tube to be A sq. ft. 
If an infinitely thin lamina of this tube be taken, the weight of the 
air contained in it will be pAdr where p is the density of the air at 
that point. If this lamina is taken at radius r, then the centrifugal 
force acting on this small mass of air will be 
pAdry*? pA (2r)*rN°d 

qr Y 
in which N =revolutions per second. If the compression in the 


dF 


blades is adiabatic, the volume of a pound of air at any point 1s 


found from the relation pi Pil or 
(”") 
p 
A 
<-R;” 


Fic. 1 PRESSURE WITHIN THE IMPELLEF 


But since the density is inversely proportional to the volume 


= (" (" -- 
or p pP} 
p p p p 


7 Now also dF must equal the difference in pressure between the 
two sides of the lamina (dr) or dF Adp. Hence, substituting the 
value of dF and p 


dF = Adp 
y 
P1 
Transposing p ) 
p 
| 27)? N°rd 
—pi'p dp 
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Integrating between y=0 and y=, and p, and po, 


j ; 
—P Ix AN ,k 
p p dp d 
which gives 
. (2m)? N? R? | 
ul p Pp —_ Ps = Y 
ia l 2g 


8 But the first term of this equation is the work done in adiabatic 


compression or expansion, and the second term equals = hence the 
20 
work done in the rnp ller 1s equal to that re quired to accelerate the 
air from rest to the velocity of the blade tips. since, however, if the 
radial velocity is very small, the final tangential velocity of the air is 
MM; 1t 1S evident that one-half of the total work done on the air by the 
blades will be expt nded in accelerating it to a ve locity equal to that 
of the blade tips, and the other half in compressing it to a pressure 
po. Hence, unless the final velocity of the air is reduced by convert- 
ing the kinetic into potential energy, the maximum efficiency of a 
centrifugal compressor, neglecting all losses, can be but 50 per cent 
It is evident, therefore, that some efficient means must be provided 
to convert the kinetic energy represented by the final velocity into 
potential energy represented by an increase in pressure This can 
he done in one of three Ways: 
a By means of diffusion vanes placed around the periphery 
of the impeller 
A) By the use of a volute of propel design 
ce Bya diffusion tube or inverted nozzle attached to the out- 
let of the compressor 
9 The first of these methods is probably the most efficient at 
approximately the designed capacity if properly constructed, but is 


] 


inefficient at large and small discharge rates The additional cost 
of construction is also one of its disadvantages 

10 Theoretically and practically, the second method is the most 
efhicient over a wide range of loads and has, if well designed, an 
efficiency of 65 per cent to 90 per cent It is, however, more costly 
to construct than the third method. 

1] Diffusion tubes attached to the discharge, though the che apest 
to construct, have only cheapness and compactness to recommend 
them and cannot be used on the intermediate stages of multi-stage 
compressors. The reason for the inefheiency of diffusion tubes is 
that serious eddies are formed in them due to the varying pressures 
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at different sections of the discharge opening. ‘The latter results 
from the fact that the air farthest from the shaft is compressed the 
most and has a higher velocity, which causes eddies. 

12 From an examination of equation [2] representing the in 
crease of pressure or work in foot-pounds per pound of air in the 
impeller, it is evident that the most peculiar characteristic of th 
centrifugal blower is that for a fixed number of revolutions per min- 
ute, or tip speed of the impeller, the work done remains constant so 
long as the volume entering the blower remains constant. It will 











Pressure 


Volume 





Fic. 2 PRESSURE AND EFFICIENCY CURVES, CENTRIFUGAL BLOWE1] 


be noted that in this respect a centrifugal blower departs entirely 
from the piston compressor in that the volume discharged depends 
upon the pressure against which the blower is working, whereas in 
the piston blower for a fixed number of revolutions per minute th 
volume remains practically constant, the pressure of discharge vary 
ing according to the resistance placed in the discharge. 

13 It will be noted that the work done in a centrifugal blower 
varies directly as the square of the tip speed, or if the diameter of the 
impellers is fixed, directly as the number of revolutions per minute 
and the capacity almost directly as the number of revolutions per 
minute. The result is that the pressure and efficiency curves for a 
change in the number of revolutions per minute vary somewhat 


from the manner shown diagrammatically in Fig. 2. The point to 
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be noted particularly in regard to Fig. 2 is that the maximum effi- 
ciency obtained is practically independent of the number of revolu- 
tions per minute, since all the losses in the blower vary directly as 
the cube of the number of revolutions per minute, as does also the 
total work done per pound of air. Consequently, the losses bear the 
same relation to the total input at a small number of revolutions or 
at a low pressure discharged against as they do for a higher number 


Atmosphere 
Volume 
Fic. 3 DiaGram oF WorRK DONE RY Two IMPELLERS IN SERIES 


of revolutions and higher pressure. For this reason the efficiency 
curve characteristic remains the same for changes of speed, but the 
point of maximum efficiency shifts to a smaller volume with de- 
crease in the number of revolutions per minute. 

14 As the work done per pound of air is independent of every- 
thing except the tip speed and the volume of the air entering the 
impellér, it is evident that the air discharged from one impeller may 
be supplied to a second impeller, which will add the same number 
of foot-pounds of work per pound of air to it, thus increasing the 
pressure by adding that created by the first impeller to that created 
by the second. The effect of this will be seen by examining Fig. 3 
in which the area BADC represents the work done by an impeller 
compressing from atmospheric pressure to a pressure D. Where the 
air is discharged into a second impeller doing the same amount of 
work or the area as represented by the area CDEF, which is equal 
to the area BADC, it should be noted that, owing to the decrease of 


volume with increase of pressure, the actual difference of pressure 
created in the second impeller is greater than that in the first, so 
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that high pressures Can be attained with a comparatively small 
number of impellers or stages 1n series. The efficiency of such a 
combination of impellers placed in series is exactly the same as 
though each impeller were an independent unit, the total efficiency 
being the same as that of the individual stages. 


15 Figs. 4, 5, 6 and 7 show diagrammatically the construction 


Discharge 
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and characteristics respectively of the guide vane and 


Lute types 
of blower. As will be noted by examining Fig. 4, the guide vanes 


consist of a number of curved vanes surrounding the impeller or 


rotor and pointing in the direction of rotation. Since the air 


it (1s- 


charged from the impeller enters the diffusion vanes at the 


harrowest 


portion at a high velocity and | 


aves at the point Ol greatest Cross- 


section with a greatly reduced velocity, the difference in kjneti 


energy between the point of entrance and exit is partly utilized in 


increasing the pressure of the air and partly in eddies and friction, 


the latter part reappearing in the form of heat. The characteristi 
of this type of blower is seen in Fig. 6, which shows that th pressure 
at first increases as the volume of discharge incre ases until it reaches 


& maximum, after which the pressure again falls off, and it will 


be noted that at constant discharge and constant rey 


OLUTIONS pe! 
minute) the pressure does not remain constant but is continually 
fluctuating between limits, as shown by the shaded lines, which 
usually represent about 10 to 15 per cent of the total pressure created 
The reason for this will be understood by examining Fig. 8 


16 For the sake of illustration, instead of assuming the air to 
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leave the impeller, imagine it to issue from a nozzle through which 
the air is supplied at a pressure P; and expands to a pressure Ps: such 
that the velocity at the mouth of the nozzle is exactly equal to thi 
velocity with which it leaves the tips of the impeller blades and 
enters the guide vanes. Further, in place of the guide vanes, assume 
a straight diffusion tube discharging into a receiver R. The pressure 
in it is controlled by means of a valve or other device. Hence, from 
the assumptions made, the diffusion tube when supplied with air as 


tec iT 


xact equivalent of the guide vanes in the blower shown 





= a. j 
r¥ / 
vi \ ‘ 
6 G \ BLo\ VoLtute B 
( ee ACTEI I 
in Fig. 4 Now, since the area of the diffusion tube increases, thi 
the air must decrease, with the result, as previously men- 
tioned, that the kinetic energy is partly converted into pressure, as 
ndicated by the diagram beneath the diffusion tube. The line A, ts 


final pressure resulting from the velocity attained by the air in 
expanding in nozzle from pressure P; at A to the back pressure P 
ind the line by represents the final pressure of the air when expanded 
from the initial pressure B to the final pressure Ps... Now it will be 
evident from the method in which this velocity conversion takes 
place that there can be but one pressure of equilibrium for any given 
velocity with which the air enters the diffuser. Furthermore, if the 
pressure Ps; in the receiver F is built up to the point where air can 
no longer enter the inlet of the diffuser, the pressure in the receiver 
must break down, for with no air entering the diffuser the velocity 
becomes zero, and velocity conversion is no longer possible The 
result of this condition is that in a centrifugal blower fitted wit 
guide vanes, under certain conditions the pressure may break down 
to the point where the only pressure available at the discharge Is 
that due to the impeller alone, and even with normal rates of dis- 


charge there is also a tendency for the diffuser vanes to build up a 
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pressure higher than that in the receiver #, resulting in a constant 
building up and breaking down of the pressure, as shown in Fig. 9. 

17 The rapidity with which these variations occur depends upon 
the volume of the receiver space and pipe line into which the blower 
is discharging. The smaller the receiver volume the more rapid the 
fluctuations and the smaller their extent. With very large receiver 
volumes and especially with a number of such blowers operating in 
parallel, fluctuations may occur in which the pressure breaks down 
to that of the impeller alone. To obviate this, it is customary to 
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throttle such blowers at the intake, so as always to operate them 
below the lower pressure line in Fig. 6, thus avoiding the fluctuations 
of pressure. 

18 The fact that no pressure is created by the diffuser tube when 
no air is being delivered is the reason for the increase of pressure with 
increase of volume delivered up to a certain point beyond which the 
diffusion tubes are no longer of sufficient exit areas to reduce the final 
velocity to the necessary point, which in addition to the increased 
friction at the higher velocities causes a dropping off of the pressure 
line, as shown in Fig. 6. The result of this is that the efficiency curve 
rises very slowly at first and becomes a maximum over a compara 
tively very short range, when it immediately begins to drop off very 
rapidly. 

19 The above actions will be better understood by examining the 
theory of diffusion vanes, in connection with Fig. 8, as follows: 
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20 Let the area of the smaller or entrance end of the diffuser be 
A, and the exit area be A;; also assume that no heat is received by or 
given up by the diffusion tube, in which case the compression will 
be adiabatic (though in practice not necessarily isentropic) and the 
relation between pressure and volume at any point will be deter- 
mined by the equation 


P2 
pv =pvg ol = (Fro 


21 In Fig. 8 consider an infinitely thin section of the tube dz 
and assume that the pressure at the point the section is taken is 
p, and the velocity on one side of the section is V and that the velocity 
on the other side is )—dV. Also assume that the mass of air within 
the section considered meets with such a resistance as will be pro- 
duced by the force dF Adp A being the area of the tube at thi 


section taken 


sure 


Pre 


hic. 9 Pi URE VARIATI Gi \ 
22 Now the mass of the air in the section will obviously | 
dw=PAdz. sut force is equal to mass times acceleratlo henes 
. »Adx l di pAda d= 
dk ’ 
Y di j (it 
nd iso) 
dF = Ad 
Hence equating these two expressions for d/ 
: pAdx d 
Adp 
at 
i 
ul 
ence 
. Lda 
i 
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or 
- dp dx 
gv2 ~p2’ —>=— dz 
- at? 
p’ 
which may be integrated between V,; and V2 and p2 and py, and will 
give 
29g y RT,» (*) : i = - V,?- V 2? [3] 
7-1 Po 
that is, since kinetic energy has disappeared into potential energy 
the sign is negative. The most interesting part of this equation is 
that an examination shows that the kinetic energy lost in changing 
from a velocity V, to velocity V2 is exactly the same as that given 
up in adiabatic expansion from the pressure P; to the pressure P2. 
In other words, neglecting friction eddies and shock, for some fixed 
relation between the velocity of approach and final pressure, as in- 
dicated by the formula, the theoretical velocity conversion efficiency 
of a diffusion tube is unity, and constant delivery is likewise theoret- 
ically possible. 

23 Returning now to the volute blower shown in Fig. 5, which is 
not fitted with guide vanes, an entirely different characteristic is 
obtained, the theoretical characteristic of this blower being a per- 
fectly straight line, that is, constant pressure for any delivery, 
neglecting, of course, the energy put into the air in order to move it 
through the blower. In this type of blower, as there is no velocity 
conversion in the volute, the pressure remains the same at all rates 
of delivery except for the increased frictional resistance with higher 
velocities and larger discharge rates, which results in a gradual de- 
crease of the pressure as shown in Fig. 7. 

24 However, the most remarkable point in this design of blower 
is the rapidity with which the efficiency curve rises with increase of 
discharge rate and the wide range over which it remains practically 
constant. Though not plotted in scale, the pressure characteristics 
and efficiency characteristics shown in Fig. 7 are relatively exact, 
as found in the two types of blower, the maximum efficiency obtain- 
able in both the volute and guide vane being for both purposes iden- 
tical, provided, of course, that both are properly designed; but the 
point which should be noted particularly is that in commercial opera- 
tion the value of a blower operating on fluctuating load depends not 
upon the maximum efficiency obtained, but upon the area under the 
efficiency curve, since this is a true measure of the average efficiency 
over a range of load. 
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The results from two blowers on actual test are given in Fig. 


10, which clearly show the difference in the characteristics and the 


area under the two efficiency curves. 


26 


In order to find the pressure created in a free vortex, assume 


a tube extending from R, to R3, Fig. 11, of area A and take a lamina 
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Fig. 10 CHARACTERISTICS OF TWO BLOWERS UNDER DIFFERENT 


CURVES 


of this tube of thickness dr at any radius r. Then the 


force acting on this small mass of air will be 


50,000 


EFFICIENCY 


centrifugal 


pAdrp? dr 
dk Adp > a or vdp z 
q? gr 
But uw is inversely proportional to the radius, hence the velocity u at 
: Mi Rk, . : ‘ 
any point will be where mw; is the tip velocity 
» 


Substituting the value of u, 


Ir 
sdp= (mR) — 
gr’ 


of impeller. 
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and integrating between the limits p. and p3; and r=), and r= o, 
“2g pin|(O-) > 1) = — ey 
“J Pee l _ 7 ; + = 
Y —] P2 aii R 


which shows that for a 100 per cent conversion efficiency the volute 
must be of infinite diameter. For any given radius of volute Rs the 


work done by the velocity conversion in foot-pounds will be 
R,\? 
R 

or the Ve locity conversion efficiency is 


ri=(8) 


W =” 


‘) 


! 
=f 





os 
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Fic. 11 Pressure DiaGRAM IN A VoLUTE BLOWER WITH 





FREE VORTEX 


27 Now the reason for the statement that the pressure remains 
practically constant in a blower having a free vortex will be evident 
from the preceding mathematical demonstration, since it follows that 
as the pressure created in the vortex is due to the centrifugal force 
acting on the fluid in the vortex, neglecting friction and eddies, the 
pressure created must be independent of the volume delivered. 
This must be true for the further reason that the volume delivered 
does not enter into the mathematical analysis as a function of the 
whereas, in the mathematical deduction of the equation 


work done, 
in a diffusion tube, the volume enters the 


of flow (or work done 
equation in the expression (V,?— V2). 

28 As previously stated, neglecting friction, the energy trans- 
formation taking place in a free vortex remains constant regardless 
of the volume delivered, even though the delivery is reduced to zero, 
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and likewise the efficiency is for the same reasons constant, independ- 
ent of the volume delivered. This explains the much higher efficiency 
of the free vortex blower at partial rating than is obtained in a 
blower fitted with guide vanes. Further, when the element of friction 
is considered, the free vortex blower has a considerable advantage 
over the diffusion vane blower because the surface exposed to friction 
is very much smaller. 

29 The preceding remarks are not based on theory alone, since 
the writer has made a large number of tests with pitot tubes and 
thus verified the above statements. These tests showed that, when 
properly constructed, theory and practice agree to a surprising 
extent. 

30 In a discussion before the Society some time ago the design 
of the impellers used by the Westinghouse Machine Company was 
criticized as inefficient because the blades are radial and have no 
curvature at their inlet ends for picking up the incoming air with- 
out shock losses. 

31 It has been shown that if the blades of an impeller extend all 
the way into the center of the shaft, the work done by compression 
in the rotor is just one-half of the total work done on the air, the 
other half being represented by the kinetic energy in the air leaving 
the impr ller with the ve locity of the blade tips, that is, energy ré pre- 


sented by al per lb. 
29 
> 


32 Inactual practice the inner diameter of the blades, or “ eyes,”’ 
is usually about one-half the diameter of the impeller, or say just 
one-half, then the velocity of the entrance edges of the blades is one- 
half the tip velocity, that is, pe = $i. gut the total energy put 


into the air is 20 per lb., and since the velocity at the blade 
29 


entrance is $m, the maximum loss from shock, if the air hits the 
, , : (Au )? 
blades at right angles, as in Fig. 12, would be ~ and the per- 
<g 
centage loss of the total energy put into the blower would conse- 
quently be 


.. —se 12.5 


(35) 


33 The preceding is on the assumption that all the velocity of 
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the air relative to the blade is destroyed, which, however, is far from 
the truth. 

34 Since it is necessary for the air to have a radial velocity in 
order to pass through the impeller (usually the radial velocity of the 
air is about one-quarter of the tip velocity, or one-half of the velocity 
of the entrance of the blades), instead of striking the blades at right 
angles, it enters the blades about as shown in Fig. 13 at an angle of 
45 deg. Hence, if a total loss by shock of the velocity component 
perpendicular to the blade is still assumed, the loss at the entrance 
is reduced from 0.125 of the total energy to about 0.06 of the total 
energy put into it. However, it is known that when air strikes a 
surface at an angle, there is a tendency to build up a bank of air, as 
shown in Fig. 14, and since the flow is continuous, all the energy is 
not lost by shock. Hence, it is very conservative to estimate the 


ey, 


Fic. 12) STREAM LINEs, ic. 18 STREAM LINES Fig. 14 BurLpine 
Aim Hirrinc BLapes a1 Lin Hirrinc BLADES 41 iN Arr-Bank, Air H11 
Ricgut ANGLES 1 Dea rING 3LADES i : 
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loss at the entrance with radial blades as not exceeding 1 or 2 per 
cent. This is also verified by the tests which have been made, as it 
was impossible to find the loss at the entrance because of its being 
so small compared with the total energy put into the air. 

35 Another reason why the loss is practically nothing in the 
Westinghouse design is that the inlet of the blowers is made in the 
form of a volute and forced vortex as shown in Fig. 15, thus causing 
the air to rotate in the same direction as the impeller before entering 
the impeller, and the proportions of this volute are so made that at 
normal load the air enters the impeller blades tangentially without 
any shock loss whatever. 

36 Since centrifugal blowers for all except the very lowest pres- 
sures must run at comparatively high tip speeds, it becomes im- 
perative that the rotor construction shall be of the very best design 
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possible, and all the stresses in the blades must be radial. Hence, a 
straight radial blade is the only one which can be used except at the 
very lowest speeds. 

37 No riveted or built up construction can be satisfactory and 
only an impeller of the double-flow type milled out of the solid 
should be tolerated. Milling the rotor in halves and riveting them 
together is also a very poor construction, and has only cheapness to 
recommend it. The disk should be of such section as to give uniform 


stress throughout, and there should be no hub or hole for the shaft. 
THE TESTING AND CALCULATION OF CENTRIFUGAL BLOWERS 


38 The following notes give the readings to be taken, together 
with the formula used for working out the results of tests, as well as 
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the method of correcting to standard or any selected contract con- 
ditions. 
39 The data which must be obtained for a complete test of a 
centrifugal blower comprise 
a brake horsepower input to the blower shaft 
b inlet temperature 
¢ inlet pressure of the air entering the blower 
d barometer reading 
e static pressure in the blower discharge, and temperature in 
the blower discharge 
f total head blown against, i. e., static head plus velocity by 
means of a pitot tube placed above the discharge nozzle, 
and flush with its outlet. 


10 In obtaining the correct inlet temperature to the blower, the 
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temperature should be taken by means of a number of thermometers 
placed in different portions of the intake duct, so as to obtain a true 
average temperature, and precautions should be taken to see that 
no air, other than that passing the thermometers, is entering the 
blower intake, such as, for instance, air drawn from the basement 
helow the engine-room floor. 

$] The pressure in the blower discharge should be take n at a 
point as shown in Fig. 18, in which the distance h should be at least 
four or five times the outlet diameter of the nozzle, in order to avoid 
a reduction of pressure, which occurs near the nozzle. 

12 The temperature also should be taken at a corresponding 
point by inserting one or more thermometers into the discharge. 


Pressurt 





Fic. 16 PRESSURE AND EFFIcIENs C'URVI CENTRIFU' Bu 


This can be most conveniently done by sticking the thermometers 
through rubber inserted in the discharge pipe. 

13. The method of obtaining the total pressure, or static plus 
velocity head, will be seen from Fig. 18. Either mereury U-tubes 
or water manometers may be used for measuring the discharge pres- 
sure. In either case, the difference between the two sides of the U, 
i. e., the head in inches of mercury, should be corrected for the tem- 
perature of the U-tube. 

14 The test nozzles should be made about as shown in Fig. 18; 
the radius or curvature of the approach to the nozzle should be ¢ qual 
to d, in which case the coefficient of the nozzle is for all practical 
purposes 100 per cent, or equal to the theoretical discharge. It has 


been generally agreed that a nozzle coefficient of 98.5 is, if anything, 
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probably 1 per cent low, and hence has been adopted where it is not 
convenient to calibrate the nozzle used. 


METHOD OF CALCULATION 


15) =6In the following calculation let 
absolute inlet pressure to the blower in inches of me reury 
i. e., barometer reading 
P,=total head (static plus velocity) in inches of me reury, 
plus the barometer reading in-inches of mercury 
T.=absolute inlet temperature in deg. fahr. 
i temperature in the discharge in deg. fahr. absolute 
T theoretical temperature in the piping after adiabatic 
compression 
T,’=temperature at the mouth of the discharge nozzle. 
16 The work done in foot-pounds per pound of air, in compressing 
from P; to Pe» will be expressed by the formula 


v= er. |() 
. , RT: P. | f 


/ 
in which R has a value of 1.4065, and the work don per pound of 
air in expanding from the pressure P; to atmospheric pressure in 


the nozzle will b 
ae ee e) 1| as 
" ) Ts & . ~ 


(,) 


Hence, the velocity of the air in feet per second will bi 


; Y P 
| 8.025) RT: () —1 


I 


in which 


\ccordingly, the volume of discharge in cubic feet per second will be 
Volume per second = AV (8 
in which A is the area of the mouth of the nozzle in square feet times 
the nozzle coefficient, which, as above stated, for nozzles properly 
made, is practically unity, or say 99 per cent. The total work done 
in foot-pounds per minute will be equation [4] & equation [8] « 60 
specific volume of 1 lb. of air at the barometric pressure and 
temperature T2, which may be expressed by the equation 
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Y P,.\ 3 . 1 ALP, : 
en ( ) }8.025. ned] ( | <A < 60 
y—1 A\Px y-1 P. 


RT,’ 
P,’ 
inwhich P,’ is the barometric pressure expressed in pounds per square 
foot absolute. Hence from equation [9] the theoretical air horse- 


(9) 


power required to compress the column handled from the pressure 


P, to the pressure P; will be equation [9] divided by 33,000, or 
air h.p. 


«8.025\ 


7-1 
RT,’ 
P,’ 


47 The efficiency of the blower is equal to the theoretical horse- 


« 33,000 


power required to compress the given volume of air |} andled divided 
by the brake horsepower input at the shaft; hence, the effieis nev of 
the blower is expressed by the equation 
air horsepower 
= motor input X motor efficiency 
and the total overall combined efficiency will bs 
air horsepower 


9 
motor input os 

in each of which the motor input has been reduced to | orsepower, 
48 The blower efficiency may also be found by the temperature- 
pressure method in any blower which is not water-jacketed, the 


procedure in this case being to calculate the theoretical temperaturs 


T,—T.=T (3) 
2 2 P» | 13 


dividing it by the actual temperature rise found by subtracting the 
inlet temperature from the temperature in the blower discharge, 


rise from the formula 


which gives rise to the equation 


49 Following is the derivation and use of formula [14]. 
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To Prove: the efficiency of a blower is measured by the formula 
T.—T 
1! —T. 
where 
T,=theoretical final temperature of the air calculated from 
the adiabatic relation between pressure and temper 
ture 
T: initial temperature of entering aul 
T,'= final observed temperature in actual compressor 


r 


L 
/ 


ANALYSIS 


50 Any losses of energy which occur in a blower must r¢ appear 
in some other form, namely, as heat. Hence, the various losses of 
whatever nature occurring in a blower may be considered equal 
to x. The losses include friction, eddies, leaking, etc. Referring 
to Fig. 17, let AB be the theoretical adiabatic compression curv: 
and HB the actual compression line. Let the section EG be an 
infinitely small lamina of height dp. Since the work of vdp must 

J 
be dP extending the area EG to a point F on an imaginary 
compression curve CD. Note that vdp is the work done on the ai 
as shown by the area of the actual compression curve and not unde 
the adiabatic. Since, from the fundamental assumption that energy 


lost is converted into heat, the first law of thermodynamics 
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may be used. Substituting for dQ its value, the area 


equation {15} become 


HY 


Integrating equation 116} between Pe and p and 


a 


dQ) = vdp+ 
y—1 


M 


GF 


l—z 
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] 


(7, 
Vi = V2 
P 
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padi 


vdp 


“vdp . ; vdp 


t 


x 


l 


Substituting the value of v found from equation 


dW =vdp and integrating, 


W 


51 Equation [19] gives the work done in foot-pounds per 


of air compressed from P, to P; including 


nature occurring in the blower. 
efficiency of the blower will be equal to the theoretical work required 
to compress one pound of air from P, to P, divided by thi 


Hence 


work required for the same compression. 


but 


also 


It will therefore be evident that the 
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henee the expression for the efficiency reduces to 


7 - =) 
7 | eee fa | Tr—Ts,. 


I 


tml) 
y—-1 °°? L\P | 


i 
52 At this point it will be well to take up the old formulae used 


in a number of textbooks dealing with the measurement of air, yiz 











lest ARRANGEMENT FOR OBTAINING ' 


V = V2Qgh=8.025 Vh 


in which A is the head through which the medium flows. 


Or any gaseous medium, h be ing taken as 
P\D X 13.596 


9 
“p 


case Ol alr, 


which 
P,=static, plus velocity head, in inches of mercury 
D =weight of 1 cu. ft. of water at T’s 
p =weight of 1 cu. ft. of air at temperature 7’, and barom- 
etric pressure. 


53 Equation [23] is substantially correct for the measurement of 
but gives a velocity 


velocity for comparatively low pressures, 
slightly too high when employed for pressures of 2 or 3 lb. or more, 


in which case the velocity, as previously pointed out, should be 
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caleulated from the formula [7] the error arising from the use of for 
mula [22] being shown in Fig. 19. The work done is represented by 
2gh, being the area BCDE, whereas the actual area is that under the 
adiabatic curve represented by the curve BCDA. 

54 The method of correcting for temperature at inlet to blower, 
and for changes of barometer is as follows: 


55 The fundamental characteristic of the centrifugal blower is 


A 
D} X 
> \ 
Px >>| 
C| ; Atmosphere ; B 
Volume 


ic. 19 Work DIAGRAM, SHOWING DIFFERENCE BETWEEN TEXTBOOK AND Co 


RECTED FORMULAF 
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Fic. 20 Inpicator DIAGRAMS OF CENTRIFUGAL BLOWER FOR DIFFERENT CON 


DITIONS OF INLET TEMPERATURE AND PRESSURI 


that for any given actual volume entering the blower inlet, the 
blower at a given speed will take a certain number of foot-pounds 
of work per pound of air, regardless of the intake temperature o1 
pressure, and the result of this is that the ordinary methods of cor- 
recting for temperatures and barometer as applied to blowing en- 
gines, does not apply to centrifugal blowers. This will be seen from 
Fig. 20, which shows an indicator diagram of the centrifugal blower 
for different conditions of inlet temperature and pressure. Let the 
area CDAB be the compression over the standard temperature and 
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barometer, to some given pressure. This area will represent a fixed 
number of foot-pounds of work per pound of air. It is evident, there- 
fore, that if the barometer readings were the same but the intake 
temperature higher, i. e., so that the initial volume were to point J 
instead of C, it is evident that the pressure to which the blower could 
compress would no longer be A, but some pressure F’, such that the 
irea JDFK would equal the area CDAB. 

56 Consequently, the correction for change of temperature from 
( to J would not be applied as affecting the actual volume entering 
the blower, but as a correction to the pressure. In the same way, 
supposing that the barometer were low and the atmospheric line 
represented by HG at standard temperature, the area GHFE must 
again equal the area CDAB, and consequently the pressure would 
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be lower than it would be with the standard barometer. This is the 
correction for both inlet temperature and barometer, to the pressure 
of compression and not to the inlet volume. As previously stated, 
the work done in foot-pounds per pound of air remains constant; 
hence, having found the work in foot-pounds per pound of air over 
the actual test conditions, it is possible to substitute in equation [4], 
the value of the standard inlet temperature in deg. fahr. absolute, 
and a standard barometcr reading, and in this way to calculate the 
final pressure in the discharge for the standard conditions. 

57 If P2' and T,’ are the absolute pressure and temperature at the 
inlet to which the test results are to be corrected, it follows that the 
corrected discharge pressure P,’ will be given by the equation, 


7 Te ENE | 
} Ps ir, |\P, —i 


+] 
) 
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which is the form to be used in all cases where the discharge pressure 
is to be corrected to constant conditions. 

58 In Fig. 16, let AB represent the curve of pressure as deter- 
mined from the original test data, and assume, for instance, that the 
temperature reading at the intake was higher than the standard, or 
that the barometer was lower than the standard, test points on the 
curves being represented by the crosses. The method of determining 
the pressure for standard conditions then would be to calculate the 
pressures on the line CD, as shown in Fig. 16, the curve being plotted, 
however, on the original volume lines. 

59 When it is impossible to test a blower with the discharg: 
going to the atmosphere, as when a nozzle is used as shown in Fig. 
8, the discharge may be measured by obtaining the velocity in the 
discharge pipe by means of a pitot tube. These measurements are 
not always reliable, however, as ordinarily made, since great diffi- 
culty is experienced in obtaining the true static pressure of a moving 
fluid, for the reason that the “‘pressure end” of the tube itself dis- 
turbs the stream lines, and hence inaccurate readings are probable. 

60 If a pitot tube is used in the ordinary way the pressure end 
should consist of a thin plate about 4 in. long by about 2 in. wide, 
having a slit about 1/32 in. wide and 2 in. long at its center. A 
collecting chamber back of the slit connected to the search pipe 
tends to equalize the pressure and give a true static pressure reading; 
but great care is necessary to see that the flat plate is exactly parallel 
to the stream lines at the point the pressure is desired. 

61 <A method of determining the flow in pipes which the writer 
believes is far more accurate and reliable than ordinary pitot tubs 
readings is shown in Fig. 21. A well rounded nozzle having an area 
of one-fourth to three-fourths that of the pipe is bolted in between 
two flanges. 

62 On the high-pressure side of the nozzle there is a gage A and 
a thermometer (not shown), and a second gage B has one leg con- 
nected to the high-pressure side of the nozzle and the other to the 
low-pressure side, thus giving the drop of pressure through the 
nozzle. A pitot search tube is fitted on the low-pressure side of the 
nozzle as shown in the figure. This search tube has its opening 
pointed directly against the flow through the nozzle, and should have 
a graduated scale so that its position in front of the nozzle can be 
accurately known. 

63 The advantages of this arrangement are that the difficulty of 
obtaining a true pressure reading is avoided, and a number of checks 
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may be made on the readings taken, so that should inaccuracies 
cur for any reason, they can be immediately detected and the 
trouble located. 

64 From Bernouilli’s theorem, the sum of the pressure head and 
velocity head must always be equal, hence, with the search tube # 
in the position shown in Fig. 21, the pressure differences shown by 

ages B and C must be equal. Also, if the connection D to gage C 


be disconnected, the pressure indicated by gage C must equal the 


pressure shown by gage A. Also, if gage C is connected to the pipe 
by D, but the pitot tube disconnected, the sum of gages B and C 
must equal the pressure indicated by gage A. If these various read- 
ings check, it follows that the static pressures are being accurately 
measured and that the pitot tube is pointing directly into the stream. 

65 Having thus checked the correctness of the measurements, 
the jet can be searched by moving the pitot tube across the nozzle 
at regular intervals and readings taken, from which the velocity at 
any point can be calculated by the formula 


+ P» 
| = 2( 1 A |— y 
\ oy (7) | 


P, is the absolute pressure above the nozzle 


ewher 


Ps is the absolute pressure below the nozzle 

T, is the observed temperature above the nozzle 

V is the velocity in feet per second 
With V known and a known area of discharge, the volume passing 
can be calculated. 

66 By this method, if the observations are carefully made, the 
error should not exceed a very small fraction of 1 per cent. It may 
not be out of place to add that too great care cannot be taken to 
make sure that there are no air leaks in the connections to the gages, 
is even a pinhole may cause a very considerable error in the readings. 

67 In the following, in order to show the method of working up a 
test on a centrifugal blower, the actual readings taken during a 1- 
hour test on a 30,000 cu. ft. blower have been used. The results 
have been worked out by seven-place logarithms, using the formulae 
as given under tests. 

68 For practical purposes, however, it is rather inconvenient to 


lat 
P, 


work out the values of 
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alae ass 


by logarithms, and therefore the writer has prepared a set of curves 


(”) -1=K 
P, 


I : 
for various values of _ which mav also be used for the solution 
: ; 


for the value of 


of the equation for the pressure correction. 























APPENDIX 


TEST ON WESTINGHOUSE TURBINE BLOWER 


Nozzle: 12} in 


Static head: P; =85.6 in. water+26.66 in. mercury =32.96 in. mercury 
Barometer P; = 26.66 in. mercury 
Intake temperature: tf =46.8 deg. fahr.; 72 =507.5 deg. fahr. ab 
Discharge temperature: t; =92.6 deg. fahi 7 553.3 deg. fahr. ab 
Total input to motor =432.7 kw 
input to exciter 4.04 kw. 
input motor only =428.66 kw. 
Efficiency motor =89.6 per cent taken from curve including windage 
Area of nozzle: 0.817 sq. ft 
ie ) . 
1) =0.06317 
| p.) 
W =work in ft-lb. per lb. of air 
(/P, } 
184.754 & T. > | 5923 

( ) 
l’. is the absolute temperature at outlet of nozzle 
Volume per minute in cubic feet at temperature 7 Vol. 7 

l 

Vol. T 109.079 \T: l Area < 60 10.659 eu. ft 


4 Add me) "7 P, 
Vol Vol. T's > 520.3( ‘) 30,670 
; P, 


V « Vol. of 1 lb. of air at 60 deg. fahr. and barometer 


Vol.u® .. W 

Air h.p enema IG, — 
Vs 33,000 

To find Veo: pu=RT Pp in lb sq ft. = barometer 


373.99 
53.35 X 520.7 
Bar 


Barometer =26.66 in. mercury = 1887 Ib. sq. ft 


V eo 


1Hs] 
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Kfficiency derived from temperatures: 


P, 
P | 
KE a a a 69.997 per cent 
l l’, 
y 553.3 
y 507 5 
Efficiency derived from motor input 
Air h.p.=373.99 Input to motor only 128.66 kw 
Input to motor and exciter =432.70 kw 
air h.p I -s' 
Overall 64.479 per cent 
total input to motor in h.p 
air h.p 
Blower : 
motor input exciter input 


( 
r\\ p 
P 26.7 +I ¥ 


. = 32.837 in. mercury 
20.4 


72.641 per cent 
motor in h.p 


P’,-—P' 32.837 —26.7 =6 


137 in. mercury 
48.25 ounces per sq. in. corrected to 26.7 in. barometer 
and 60 de:. fahr. at the inlet 
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TO THE SOCIETY: 
In submitting the following preliminary report of the Committee 
on Power ‘Tests, which was appointed May 4, 1909, with the object 
of revising and extending the present testing codes of the Society 
relating to power plant apparatus, the Committee desires a full dis- 
cussion and criticism of the report by members of the Society and 
others who are interested in the subject. 
The Committee wishes to impress upon those offering suggestions 
the desirability of stating explicitly in writing the additions, omis- 
sions, or changes of language to make the report conform to the 
views expressed. It will be a great help to the Committee if this 
request is literally complied with. 
It should be borne in mind that the report cannot be expected 
to deal with all the refinements of laboratory tests or to conform to 
the methods practised by every individual who engages in testing 
work; but it is intended to set forth the correct governing principles 
and serve the practical purposes of the engineering public. 
When the preliminary report has been fully discussed and criti- 
cised the Committee will make a final revision for publication in 
the Transactions. 
Respectfully submitted, 

COMMITTEE ON POWER TESTS 

By Gro. H. Barrus 

| 
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INSTRUCTIONS REGARDING TESTS IN GENERAL 
L OBJEC! 


Ascertain the specific object of the test, and keep this in view not 
only in the work of preparation, but also during the progress of the 
test. and do not let it be obscured by devoting too close attention 


to matters of minor importance. Whatever the object of the 
test may be, accuracy and reliability must underlie the work from 


beginning to end. 

If questions of fulfillment of contract are involved, there should 
be a clear understanding between all the parties, pret rably in 
writing, as to the operating conditions which should obtain during 
the trial, and as to the methods of testing to be followed, unless thes 
are already expressed in the contract itself 


Among the many objects ol performance tests, the following may he 


noted 
Determination of capacity and efficiency, and how these compare wit! 
standard or guaranteed results 
Comparison of different conditions or methods of operatior 
Determination of the cause of either inferior or superior results 
Comparison of different kinds of fuel 
Determination of the effect of changes of design or proportion upor 


capacity or efficiency, etc. 


2 PREPARATIONS 
A) Dimensions 
Measure the dimensions of the principal parts of the apparatus 
to be tested, so far as they bear on the objects in view, or determine 
these from correct working drawings. Notice the general features 
of the same, both exterior and interior, and make sketches, if needed 
to show unusual points of design 
The dimensions of the heating surfaces of boilers and superheaters to be found 
are those of surfaces in contact with the fire or hot gases. The submerged 
surfaces in boilers at the mean water level should be considered as water- 
heating surfaces, and other surfaces which are exposed to the gases as 
superheating surfaces 
1689 
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In the case of condensers, feedwater heaters, and the like, the outsid« 
surfaces are to be taken. In reheaters and steam jackets, the surfaces 
to be considered are those exposed to the steam of lower pressure 

The dimensions of engine cylinders should be taken when they art 
cold, and, if extreme accuracy is required, as in scientific investigations, 
corrections should be applied to conform to the mean working tempera- 
ture. If the cylinders are much worn, the average diameter should be 
found. The clearance of the cylinders may be determined approximately 
from working drawings of the engine. For accurate work, when prac- 
ticable, the clearance should be determined by the water measurement 


method (See Appendix No. 1 for water determination of clearances 


(B) Examination of Plant 
Make a thorough examination of the physical condition of all parts 


of the plant or apparatus which concern the object in view, and 


record the conditions found, together with any points in the matter 


of operation which bear thereon. 


In boilers, for example, examine for | aukage of tubes and riveted or other metal 


joints. Note the condition of brick furnaces, grates and baffles. Examine 
brick walls and cleaning doors for air leaks, either by shutting the dam- 
per and observing the escaping smoke or by candle-flam«s test Deter- 
mine the condition of heating surfaces with reference to exterior de posit 
of soot and interior deposits of mud or seal 

See that the steam main is so arranged that condensed and entrained 
water cannot flow back into the boiler 

Ascertain the interior condition of all steam, air, gas, or water cylin 
ders and the condition of their pistons, and of water plungers and in 
pellers, together with the valves and valve-seats be longing thereto Locate 
vacuum leaks in exhaust piping, condenser, packings, etc.. using vacuum 
gage or candle-flame test. Examine steam, air, gas, or water piping, traps 
drip valves, blow-off cocks, safety valves, relief valves, heaters, et« , and 
make sure that they do not leak. Determine the condition of the blading, 
nozzles, and valves in steam turbines, and of buckets, guides and draft- 
tubes in water turbines 

See Appendices Nos. 2 and 3 for general methods of leakags 
examination and test. 


If the object of the test is to determine the highest efficiency or 


capacity obtainable, any physical defects, or defects of operation, 
tending to make the result unfavorable should first be remedied; 
all fouled parts being cleaned, and the whole put in first-class condi- 


tion. 


If, on the other hand, the object is to ascertain the performance 


under existing conditions, no such preparation is either required or 
desired. 


(C) General Precautions against Leakage 


In steam tests make sure that there is no leakage through blow- 
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offs, drips, etc., or any steam or water connections of the plant or 


apparatus undergoing test, which would in any way affect the results. 
All such connections should be blanked off, or satisfactory assurance 
in. This is 


should be obtained that there is leakage neither out nor in 
1 most important matter, and no assurance should be considered 


satisfactory unless it is susceptible of absolute demonstration. 
See Appendix No. 3 for further details. 


D) Apparatus and Instruments 
Select the apparatus and instruments specified in the Code of 


tules applying to the test in hand, locate and install the same, and 

complete the preparations for the work in view. 
The arrangement and location of the testing appliances in every 

case must be left to the judgment and ingenuity of the engineer in 


charge, the details being largely dependent upon locality and sur- 
One guiding rule, however, should always be kept in 


roundings. 
view, viz., see that the apparatus and instruments are substantially 


reliable, and arrange them in such a way as to obtain correct data. 
\ summary is given below, embracing the entire list of apparatus 
and instruments referred to in the various Codes, with descriptions 


of their leading features, methods of application and use, and, where 
needed, methods of calibration; these particulars being supplemented 


in Some instances by further descriptions in the Appendix. 
‘te., ordi- 


For determining the weight of coal, oil, water, et« 
purpose Too much dependence, 


a) We ighing Scales. 
nary platform scales serve every 
however, should not be placed upon their reliability without first cali- 
brating them by the use of standard weights, and carefully examining the 
knife-edges, bearing plates, and ring suspensions, to see that they are all 
in good order. 
Other scales required in connection with test work are small scales for 
weighing coal-samples used in drying, and laboratory scales for analysis 
and calorific determinations pertaining to fuels Such scales should be 
sensitive to 1/1000 of the quantity weighed. 


locomotives and some classes of 
sometimes required 


marine boilers, where 
facilitate 
the time 


Lo 


For testing 
room is lacking, sacks or bags are 
sacks being previously weighed at 


the handling of coal, the 


of filling. 
he 


lpparatus 
fewliwater should 


the 
satisfactory 


Weighing and Measuring 
racticable 
and 


Wherever p 


guarantee tests, 


Water 
(1) 


weighed, especially for 
reliable apparatus for this purpose consists of 
Hevated a 


hs ediwater. 
The most 
more tanks 


sufficient 
placed below, 


one or 
dis 


each placed on platform scales, these being « 
into a receiving tank 


tance above the floor to empty 
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the latter being connected to the feed pump. Where only one weigh 
ing tank is used the receiving tank should be of larger size than the 
weighing tank, to afford sufficient reserve supply tu the pump while 
the upper tank is filling. If a single weighing tank is used it should 
preferably be of such capacity as to require emptying not oftener 
than every five minutes. If two or more are used the intervals 
between successive emptyings should not be less than three minutes 

In tests of complete steam power plants, where it is required 
to measure the feedwater without unnecessary change in the work 
ing conditions, a water meter may be employed. Meter measure 
ment inay also be required in many other cases, such as locomotive 
and marine service. The reliability of meters should be determined 
by calibration in place under conditions of use. 

If a large quantity of water is to be measured, a rotary, disk, 01 
Venturi meter, or some form of orifice measurement may be employed 
in the latter case the orifice should be calibrated under the conditions 
of use, unless its design is such that standard formule and constants 
may be applied for determining the discharge. 

See Appendix No. 4 for methods of calibrating meters and Appen 
dix No. 5 for orifice formula. 


» 
} 


(2 Water of Condensation Under Pressure. In measuring jacket 
water or any supply under pressure which has a temperature ex 
ceeding 212 deg. fahr, the water should first be cooled, as may be 
done by discharging it into a tank of cold water previously weighed, 
or by passing it through a coil of pipe submerged in running and 
colder water, preventing thereby the loss of evaporation which oc 
curs when such hot water is discharged into the open air. If such 
water is untrapped the drain pipe should be provided with a gage 
glass and the outlet choked so as to keep the water in sight in the 
glass 

(3) Water Flowing in Streams and Canals. Weirs, current me 
tars, float rods, etc., are required for measuring the water discharged 
by pumping engines, and that used by waterwheels. (For descrip 
tion see Appendix No. 5.) 






Steam Measuring Apparatus Various forms of steam meters 
may be employed for measuring steam, provided such meters are 
properly calibrated under conditions of use, and the pulsations of 
pressure, if any, are not serious. For measuring the steam used by 
the auxiliaries of 


steam plant, either individually or collectively, 
the orifice form of steam meter may be used, consisting of an orifice 
in a plate inserted between the two halves of a pair of flanges in the 
pipe through which the steam passes, or placed in a by-pass through 
which the steam is diverted, with gage pipe on either side for deter 
mining the fall of pressure. The quantity of steam represented by 
the various differences of pressure which occur, way be found 
by arranging the apparatus so as to draw steam through the orifice 
and discharge it into a tank of water resting on platform scales, by 
which its actual weight in a given time is determined 
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A plate \& in. thick containing an orifice 1 in. diameter, with 
syuare edges, will discharge the approximate quantities of dr) 
steam per hour given in Table 1, with various pressure drops, the 


pressure below the orifice being 100 Ib. by gas 


PABLE 1 DISCHARGE THROUGH ORIFICI 
PRESSURI 
Pressure 
Drop, Lb Dory Stean 
Per Sq. In Per Hour 
' 10 
615 
BU 
Oo 
1400) 
Loo 
2180 
2040 
SO50 
rhe water-glass method affords an approximate 
nining the steam consumption of auxiliaries, and for 
leakages of steam and water from the boiler 


(See Appendix No. 3 for description 


Gas and Air Measuring Apparatus Apparatus to be used fo 
measuring gas and air embraces gas meters, gasometers, Ventul 
meters, orifices and pitot tubes The standard of re nee for cal 
brating apparatus for this 


purpose is the gasomete! a pitot tubs 


! 


s used, and this instrument cannot be calibrated by actual n 
urement, the constants em Noved should be those obtained from 
Similar instrument which has been calibrated by actual reference 
eausometer mensurement under as ne as possible the same 
ditious 

Directions for using the pitot tube 
ure given in Appendix No 6 

In this connection attention is directed to the electri method of 
vas mnmeasurement proposed by Mr. C. ¢ fhomas a described in his 
pauper in Volume No. 31 of the Transactions,’ ; orifice measure 


ments described by R. J. Durley, in Volume 


fnemometers. For determining the approximate quantity of ai 
discharged under light pressures by fans or blowers, or the amount 


of air used in the combustion of fuels, an anemometer of the fan 


wheel type may be used, provided all the air can be passed throug! 


one or more openings of suitable size in which the ane nometel 


he placed hese openings should preferably he of sueh size (sn 


iC, ¢ Thomas, An Electric Gas Meter rans. Am. So 
ke J. Durley, On the Measurement of Air Flowing int 
Orifices in Thin Plates and under Small Differences of Pressur 


p. 193 
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least 15 in. sy.) that the resistance interposed by the instrument 
(the fan being about 214 in. in diameter) may be neglected. The in- 
strument, when in use, Can best be supported on the end of a small rod 
and moved slowly across the open end. also up and down, so as to 
obtain an average for the whole area. In the case of very large 
openings the area should be subdivided into a number of equal parts, 
the velocity determined for each subdivision, and the results aver 
aged 
anemomete! $s usually t DY mounting it or 


ed around a 


inemometer 


tion is much to be 


The quantity of air supplied for combustion in boiler and other 
furnaces may be determined from the analysis of the product 


combustion using the formula given in the Boiler Code, p. 1724 


(f) Screens for Sizing Coal Che dimensions of screen openings to be 


used for sizing anthracite als are given in T: » 2: the sizes 
each case being the opening through which the specified grade wil 
pass, and that over which it will be carried without passing throug! 


The openings referred to are circular 


rABLE 2 ANTHRACITE COAL SIZES 


pening 


er whicl 


The sizes and grades of bituminous and semi-bituminous coals var 


\ 


so much according to kind and locality that there are no standards of 


size for these coals which are renerally recognized (For bituminous 


coal sizes see Appendix No. 7.) 


Pressure Gages. For determining steam pressure the steam gages 
belonging to the plant may be used, provided they are compared 
with a standardized gage of the ‘Ing or mercury type and verified, 
due allowance being made ‘the h water standing in the con 
necting pipe 


For determining pressure below the atmosphere, a U-tube mer 
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cury gage may be employed or a spring gage may be used, provided 
it is referred to a standard and corrected for water in the connecting 
pipe. In cases where extremely high vacuums are to be measured, 
as in turbine practice, the absolute-pressure gage is useful, provided 
the exhaustion is complete and afterwards no air is admitted. 

For determining steam pressure on the two sides of an orifice, 
two gages should be used which are carefully graduated to single 


pounds, or, what is better, one gage should be used and this piped 


up so as to connect at will to either side of the orifice. A differen 


tial gage may also be employed, indicating at once the pressure 
drop 

For determining the water pressure in the force main of a pump 

ing engine, the gage should be one which is sensitive to changes 

amounting to 4, per cent. of the pressure indicated If such a gage 

is not a part of the equipment of the plant, a special test gage should 
be attached 

setween the gage and the force main a small reservoir having an ai 

chamber should be interposed, in the manner shown in Appendix No, 8 

as to prevent undue fluctuations of the gage and allow the gage 


cock to be run wide open By means of a gage glass on the side of the 


chamber and an air valve, the average water level may be adjusted to 
the height of the cents f the gage, and correction for this element 
of variation avoided. If not thus adjusted, the reading is to be re 
ferred to the level shown, whatever this may be 

kor calibrating gages indicating pressures above the atmosphere. 
the dead-weight testing apparatus which is manufactured by many) 
of the prominent gage makers may Le employed as a standard of com 
parison. It consists of a vertical plunger nicely fitted to a cylinder 
containing oil or glycerine, through the medium of which the pressure 
is transmitted to the gage. The plunger is surmounted by a circular 
stand on which weights, may be placed, and by means of which any 
desired pressure can be secured. The total weight, in pounds, on the 
plunger at any time, divided by the average area of the plunger and 
of the bushing which receives it, in square inches, gives the pressure 
in pounds per square inch. 

Another standard of comparison is the mercury column If this 
instrument is used, assurance must be had that it is properly grad 
uated with reference to the ever-varying zero point: that the mer 
cury is pure, and that the proper correction is made for any differ 
ence of temperature that exists, compared with the temperature at 
which the instrument was graduated 

For pressures below the atmosphere, an air pump or some othe 
means of producing a vacuum is required, and reference must be 
made to a mercury gage. Such a gage may be a U-tube having a 
length of 30 in. or so, with both arms properly filled with pure mer 
cury 

rhe practice of choking the gage cock to reduce fluctuations of th: 
ge pointed, if carried too far, is objectionable, especially when ther 


is leakage around the plug The pressure indicated under these « 


cumstances is less than the true pressur: efore reading gag f 
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the spring type, the free working of the mechanism within should 
assured by tapping the outside of the 


the pointer 


gage and thereby slightly movi 


Thermometers. Thermometers should be of the kind having grad 
uations marked on the glass stem. Those used for temperatures 


above the boiling point of mercury (say 450 deg.- 500 deg.) should 
have nitrogen in the top of the bore. They should also have a small 
safety bulb at the top. Thermometers constructed in this way ea) 
be used satisfactorily up to 1000 deg. fahr. 
Thermometers which are used for important data 


should be eali 
brated before and after a_ test. by 


reference to standard ther 
mometers, 

Standard thermometers are those which indicate 
steam escaping from boiling water at the normal bar 
of 29.92 in. (referred to 32 deg.), the whole 
point being surrounded by the steam ; 
in melting ice, 


stem up ft 
and which indicate 

the stem being likewise completely immersed 
deg. point; and which are calibrated f 


points between 
these two reference marks For temperatures between 


400 deg. fahr., the comparison of th 


thermometer should 
with the temperature given in Marks and 


Davis Steam T 
method required being to place it in a 


thermometer well 
by saturated steam under sufficient pressure to give the d 
perature. The pressure should be determined b 
the thermometer should be immersed to the 
its working condition 


y a correct 
same extent as it 


A thermometer well consists of a hollow 


plug threaded at the 
end and screwed into a threaded hol 


in the top of a horizontal 
the lower part extending vertically into the 
far, if practicable, as the center. The 


pipe 
interior of the pipe as 
inside diameter should 
slightly larger than the outside diameter of the th 


ot 


ermometer tube and 
the well should be filled with mercury 


temperatures below 500 deg., and with 
tures, 


or high-grade mineral oil for 


soft solder f tempera 


For superheated steam the immersed portion should be fluted 
to increase the area of the absorbing surface 

Thermometers are so readily broken that it is desirable in important 
tests to have a sufficient number on hand that ir ise of accident tl 
readings will not be interrupted These 


spare thermometer she 
preferably be calibrated 


Barometers. For important or extremely accurate steam tests and 


for gas engine tests the pressure of the atmosphere should be taken, 
either by a mercurial or <Aneroid barometer, and the reading 
from this instrument, reduced to pounds pressure per square inch, 


should be employed in determining the absolute steam pressure. In 


many cases it is sufficient to refer to the daily records of the nearest 
station of the Government Weather 


Bureau. <Aneroid barometers 


may be readily calibrated by comparing them with a mercury bar 
ometer, making proper temperature corrections 

Hugrometers. In tests where the hygrometric conditions of the 
atmosphere play an important part, it is necessary to use a hygrom 
eter. The ordinary instrument consisting of a 


wet and dry bulb 
thermometer is suitable for the purpose. 


The hygrometric tables 
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of the Government which may be obtained from the Weather Bureau, 
U. S. Dept. of Agriculture, Washington, D. C., can be referred to in 
making the required computations. See Appendix No. 9. 


Pyrometers. Metallic pyrometers used for determining high tem 
peratures must be handled cautiously owing to the difficulty of ex 
posing the whole of the stem to the current of gas, the temperature 
of which is to be determined. Electric pyrometers either of the 
thermo-couple or resistance type are satisfactory for this work 
where the temperatures to be observed are not too high, say not 
over 2000 fahr. Instruments of this kind can readily be calibrated 
by comparing them at low ranges of temperature under proper con 
ditions with a mercurial thermometer, (both being placed for ex 
umple in a current of hot air the temperature of which is under con 
trol), and their accuracy at higher temperatures judged by plotting 
the results on a chart, finding the curve of error, and continuing the 
curve to the higher ranges desired. For extremely high temperatures 
such as that of a boiler or producer furnace, the optical, pneumatic, 
and radiation pyrometers may be used. See Appendix No, 10 


Draft Gages. The simplest form of draft gage is the ordinary | 
tube. When the tube is kept clean and the two legs are close tuo 
vether with the scale extending at least to the center of each leg, it 
gives satisfactory indications. For measuring small amounts of draft 
some form of multiplying gage may be employed. One of the simplest 
inultiplying instruments consists of a U-tube in which one leg is in 
clined from the horizontal and the amount of multiplication varies 
inversely as the angle of inclination, the tube being filled with a light 
mineral oil. Various satisfactory instruments having the multiply 
ing feature are on the market. These can readily be calibrated by 
comparison with the simple U-tube gage when indicating a high draft, 
say one inch or more. It is preferable to use alcohol instead of 
water in the U-tube, and make allowance for the difference of specifi 
gravity. 

Steam Calorimeters The most satisfac tory instruments for dete 
mining the amount of moisture in steam are calorimeters that oper 
ate upon the throttling principle, or that combine the throttling and 
separating principles; an orifice being used of such size as to throttle 
to atmospheric pressure, with two thermometers, one showing the 
temperature above the orifice and the other that below it. If no com 
mercial make of calorimeter is available on a test, an instrument 
of the throttling type can he made of pipe fittings as shown in 
\ppendix No. 11. 

Directions for applying sampling nozzles are given in Part III, 
Page 1713. 

Further references to Steam Calorimeters are included in Appendix 
No. 1. 


Coal Calorimeters. To determine the total heat of combustion of a 


sample of coal or other fuel, the best form of calorimeter to use is 
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one in which the fuel is burned in an atmosphere of oxygen gas 
The Mahler type of calorimeter is recognized as the most complete 
and accurate apparatus of this kind. Where the engineer conducting 
au test does not have this instrument, or some other reliable calo 
rimeter at hand, the heat units can be determined by sending samples 
to a testing laboratory where such instruments are used. 

For description of one form of the Mahler Calorimeter see Ap 
pendix No. 12. 


(ias Calorimeters, Che 1 i} heat of combustion of gas hould 


found by burning the x: » Junker calorimeter, described in 
Appendix No, 15, 


Coal Analysis Apparati we oan vses commonly mide re wl 


l 


are termed “ proximate analyses, For complete determinations of 


the quality of coal, it is necessary : » make the ultimate 


unalysis. Approved methods of : \ are briefly described it 


Appendix No. 14. 


Gas Analysis Lppare . Ol fer) f | COM DOS 
gases in ordinary boiler work one of the simplest and 1 
ient instruments is the Orsat apparatus. This instrument can 
be used by the person conducting a test, or by some assistant whom 
he directs. 

For determining the hydrogen and other unburned combustible n 
ter in the flue gases. and for general gas analysis, the Hempel app: 
ratus, or some modification thereof, is required and the work should 
be entrusted to a person who is familiar with all phases of the sub 


ject These instruments are briefly described in Appendix No. 15 


Ippliance s and Methods Pertaining to Smoke bDetern ation. No 
wholly satisfactory methods for either quantitative or qualitative 
smoke determinations have yet come into use, nor have any reliable 
methods been established for definitely fixing even the relative de! 
sity of the smoke issuing from chimneys at different 
method commonly employed which answers The purpose fal 
is that of making frequent visual observations of the chimney 
tervals of one minute or less for a period of one hour and recording 
the observed characteristics according to the degree of blackness and 
density, and giving to the various degrees of smoke : 
centage value rated in me such manner as that expressed 
Table 3. 

rABLI s SMOKE P 
Dense black 
Medium blac 
Dense gray 
Medium gi 


Light gray. 


Very light 


| race 


{ eri 
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The color and density of smoke depend somewhat on the charac 


ter of the sky or other background, and on the air and weather con 


ditions obtaining when the observation is made, and these should 


be given due consideration in making comparisons. Observations of 


this kind are also subject to personal errors and errors of judgment 


Nevertheless, these methods sre useful, especially when the results 


are plotted, according to the percentage scale determined on, so 


that a graphie representation of the changes can be shown. 


Various forms of charts «and clouded 


glass arrangements for con 


paring and fixing smoke densities have been proposed, and to some 
extent used, but these have proved more or ess unsatisfactory and 
they are subiect to personal errors, and to sky, wind, and weathe 


condition " the same as the simpler method above des ribed 


Among the chart methods referred to, the use of the 


Ringelmann 


smoke chat Ss per 


ps the most fami rhis is shown in Apper 
dix No. 16 


Another method of simoke COLSISES } 
] 


“ui piate suspended I | tine. the 


narrow flat 


haracter of the 
smoke being indicated by the amount and quality of the soot and 
dust deposited upon the plate in a given time. This method, like 
others, is useful in furnishing a means of comparison in different 


cases rather than a means of exact determination 


See Appendix No. 17 for further description. 


Indicators. ro determine the amount of power developed by ,un 
internal-combustion engine, the 


eNneil 


gine, whether a steam engine or an 


instrument required is the widely-used steam engine indicator. One 


or more of these instruments is attached to the cylinder or cylinders 
of the engine, and operated from the 


cross-head or main shaft by the 
use of proper driving rig. As to the selection of the make of instru 
ment, it should be one which is in all respects of first-class construc 
tion 


For fuller particulars see Appendix No. 18 


Planimeters To determine the area of indicator diagrams from 
which to ascertain the mean effective pressure s convenient to 
use some form of planimeter. The simplest and probably the most 
desirable instrument is the familiar Polar 


planimeter, in which the 
area is registered in square inches 


It is desirable to i planimeter from time to time by 


running it over a figure having a known area, such as a right angle 


triangle of say 4 in. in length and 2 in. in height, observing whether 
t checks with the computed are 


al 


Tachometers and Other Speed Measuring Apparatus For deter 
inining the speed of revolution of an engine shaft, especially where 
the speed exceeds 500 r.p.m., a convenient instrument is 


a tachometer 
which continuously indicates on 


a dial the number of turns per min 
ute. This instrument can be arranged to have a permanent location 
nd to be operated continuously when the engine is running, or it 


‘al 
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be a portable instrument which is held in the band and applied lu! 
the time being to the end of the shaft. These instruments are of two 
veneral classes, viz: tly-ball and electro-magneti 

These instruments should be calibrated by comyprurison with the 
record obtained by counting with the watch and a speed recorder o1 
indicator, the number of turns per minute 

he determination of variation of speed during a single revolution, 


wv the effect due to sudden changes of the load, is desirable, espe 


cially in engines driving electric generators used for lighting pur 
poses. There is no recognized standard method of making such «ce 
terminations, and if they are desired the method may be devised t 
suit the requirements, 

One method suggested for deterinining the instantaneous variation 
if speed which accompanies a change of load. is described as follows 
\ screen containing a narrow slot is placed on the end of a bar and 
vibrated by meaus of an electric current \ corresponding slot in a 
stationary screen is placed parallel and nearly touching the vibrating 
screen, and the two screens are placed a short distance from the fly 
wheel of the engine in such a position that the observer can lool 
through the two slots in the direction of the spokes of the whet 
he vibrations are adjusted so as to conform to the frequency with 
which the spokes of the wheel pass the slots. When this is done the 
observer viewing the wheel through the slots sees what appears to 
be a stationary flywheel When a change in the velocity of the fly 
wheel occurs, the wheel appears to revolve either backward or for 
ward according to the direction of the change. By careful observa 
tions of the amount of this motion, the angular change of velocity 


S revealed 


during any given time 


Friction Brakes. The power delivered by an engine may be dete! 
mined by the application of » Prony brake to the rim of the flywheel 
The friction device may consist of a simple band or rope, a numbe! 
of ropes, or a series of blocks, encircling the wheel. Weighing scales 
either of the platform or spring type are provided for showing the 
strain For long runs the wheel is made with interior flanges fo 
holding water to keep the rim cool 

The most satisfactory brake for absorbing and measuring powel 
s some form of water friction brake The advantage of a wate! 
brake is that it can be employed equally well for large or smal] 
amounts of power, and it is necessarily kept cool by the water upo 
which it depends for its operation 


Several brakes are described i 


1 Appendix No. 19 


) Dynamometers Dynamometers furnish means for determining 
the amount of power delivered by an engine under working condi 
tions. In the case of a mill engine it is the power transmitted from 
the main shaft of the engine to the driving shaft of the mill. If this 
power is carried through a belt, the dynamometer measures the net 


amount of force transmitted In a marine engine driving n serew 








(y) 
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propeller through u long shaft, the dynamometer shows the torsional! 
strain on the shaft at a point as near as practicable to the engin 
In a locomotive the dynamometer measures the amount of pull on 
draw-bar through which the power is transmitted to the first 
the train. 


See Appendix No. 20 for details regarding dylanmmeters. 


tthe 


ar of 


Electrical Instruments. ‘The output of an engine driving an electri 


generator should be determined by the use of a set of electrical in 
struments supplementary to the switchboard equipment, and con 
nected to the generator, so as to be thrown in and out of circuit bb) 
ineans of switches. These instruments should include the 
transformers, or 


shunts 
multipliers, which belong to them, and should be 
such as have been verified by comparison with known standards 
based on those of the U. S. Bureau of Standards at 


Washington 
(he instruments selected should be as nearly 


“dead-beat” as prac 
icable, that is, the pointer should come to rest at 
of load. 


The instruments required for a 


once, after changes 


direct-current generator 
where the load is substantially constant, embrace 
and a single voltmeter. Where the load 
watt-hour meter is also needed. 


a single ammeter 


is rapidly fluctuating, a 


Those required for a single-phase alternating-current generator 
carrying a substantially constant load, embrace one ammeter, on 
voltmeter, and one single-phase wattmeter. For 


a rapidly fluctuat 
ing load a watt-hour meter should also be 


used. For a two-, vo! 
three-phase, alternating-current generator, with 


substantially con 
stant 


load, one ammeter and one voltmeter, each arranged for ready 
connection at will to any phase, and two single-phase wattmeters, 
are required. Where the load is rapidly fluctuating a polyphas: 
watt-hour meter is also needed 


In the case of an alternating-current generator an additional! volt 


measuring the current for 
excitation, unless the main instruments are connected so as to regis 
ter the net output. 


meter and ammeter should be used for 


The instruments should be so located with reference to the gen 


erator, switchboard, and neighboring conductors, as 


to avoid the 
disturbing effects due to stray fields. 


If the switchboard equipment 
is complicated, the wiring should be connected under the super 
vision of one who is familiar with all the details of the switchboard 
its connections, and the surrounding cables. 

Watt-hour meters should be verified in place and under working 
conditions. Directions for calibrating these meters and further de 
tails regarding the application and use of electrical instruments, de 
termination of power factor, ete.. are given in Appendix No. 2] 


Water Rheostats. For tests of engines driving electric generators 
under certain fixed loads it is often necessary to regulate the out 


put of current by the use of a water rheostiat One of the simplest 
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und most effective forms of this apparatus for direct-current work 
consists of a coil of wire wound spirally on a wooden reel im 
mersed in a stream of running water, or in a tank of some 
natural body of water where circulation can be provided for, ar- 
ranged with a system of switches so that more or less of this re 
sistance can be turned on as may be required. A No. 12 B. G. iron 
wire 2000 ft. long, thus used, will handle a current of 1600 amperes 
at 250 volts. 


Other rheostats are described in Appendix No. 22 


( ) Nfteam Tables Quant ties depending upon the properties 


saturated steam which are used throughout the Codes, such as B.t.u 
per pound of steam, temperatures corresponding to various pres 
sures, ete... are based on Marks and Davis's tables: and those 

ing the specific heat of superheated steam, on Knoblauch ar 


experiments 


3 MISCELLANEOUS INSTRUCTIONS 


The person in charge of a test should have the aid of a sufficient 
number of assistants, so that he may be free to give special attention 
to any part of the work whenever and wherever it may be required. 
He should make sure that the instruments and testing apparatus 
continually give reliable indications, and that the readings are cor- 
rectly recorded. He should also keep in view, at all points, the 
operation of the plant or part of the plant under test and see that 
the operating conditions determined on are maintained and that 
nothing occurs, either by accident or design, to vitiate the data. 
This last precaution is especially needed in guarantee tests. 

Before a test is undertaken, it is important that the boiler, engine, 
or other apparatus concerned, shall have been in operation a suffi- 
cient length of time to attain working temperatures and proper 
operating conditions throughout, so that the results of the test may 
express the true working performance. 

It would, for example, be manifestly improper to start a test for deter 
mining the maximum efliciency of an externally fired boiler with 
brick setting, until the boiler had been at work a sufficient number 
of days to dry out thoroughly and heat the brick work to its work 
ing temperature; and likewise improper to begin an engine test for 
determining the performance under certain prearranged conditions 
until those conditions had become established by a suitable pre 
liminary run. 


An exception should be noted where the object of the test is t« 
obtain the working performance, including the effect of preliminary 











GENERAL INSTRUCTIONS 1703 


heating, in which case all the conditions should conform to those of 
regular service. 

In preparation for a test to demonstrate maximum efficiency, it is 
desirable to run preliminary tests for the purpose of determining 
the most advantageous conditions. 


t OPERATING CONDITIONS 


In all tests in which the object is to determine the performance 
inder conditions of maximum efficiency, or where it is desired to 
ascertain the effect of predetermined conditions of operation, all such 
conditions which have an appreciable effect upon the efficiency 
should be maintained as nearly uniform during the trial as the 
limitations of practical work will permit. In a stationary steam 
plant, for example, where maximum efficiency is the object in view, 
there should be uniformity in such matters as steam pressure, times 
of firing, quantity of coal supplied at each firing, thickness of fire, 
and in other firing operations; also in the rate of supplying the feed- 
water, in the load on the engine or turbine, and in the operating 
conditions throughout. On the other hand, if the object of the test 
is to determine the performance under working conditions, no attempt 
at uniformity is either desired or required unless this uniformity 
corresponds to the regular practice, and when this is the object the 
usual working conditions should prevail throughout the trial. 


5 RECORDS 


A log of the data should be entered in notebooks or on blank sheets 
suitably prepared in advance. This should be done in such manner 
that the test may be divided into hourly periods, or if necessary, 
periods of less duration, and the leading data obtained for any one 
or more periods as desired, thereby showing the degree of un- 
iformity obtained. 

The readings of the various instruments and apparatus concerned 
in the test other than those showing quantities of consumption (such 
is fuel, water, and gas), should be taken at intervals not exceeding 
half an hour and entered in the log. Whenever the indications 
fluctuate, the intervals should be reduced according to the extent 
of the fluctuation. In the case of smoke observations, for example, 
it is often necessary to take observations every minute, or still 
oftener, continuing these throughout the period covering the range 
of variations. 
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Make a memorandum of every event connected with the progress 
of a test, however unnecessary at the time it may appear. A record 
should be made of the exact time of every such occurrence and the 
time of taking every weight and every observation. For the pur 
pose of identification the signature of the observer and the dat: 
should be affixed to each log sheet or record. 

In the simple matter of weighing coal by the barrow-load, or 
weighing water by the tank-full, which is required in many tests, a 
series of marks, or tallies, should never be trusted. The time each 
load is weighed or emptied should be recorded. The weighing of 
coal should not be delegated to unreliable assistants, and whenever 
practicable, one or more men should be assigned solely to this work 
The same may be said with regard to the weighing of feedwater. 


6 DATA REPRESENTED GRAPHICALLY 





If it is desired to show the uniformity of the data at a glance the 
whole log of the trial should be plotted on a chart, using horizontal 
distances to represent times of observation, and vertical distances 
on suitable scales to represent various data as recorded. Such a 
chart showing log of a boiler test is illustrated in Appt ndix No. 23 

It is instructive to plot the leading data on such a chart while the 
test is in progress. 


7 REPORT 


The report of a test should present all the leading facts bearing on 
the design, dimensions, condition, and operation of the apparatus 
tested, and should include a description of any other apparatus and 
auxiliaries concerned, together with such sketches as may be needed 
for a clear understanding of all points under consideration. It should 
state clearly the object and character of the test, the methods fol- 
lowed, the conditions maintained, and the conclusions reached 
closing with a tabular summary of the principal data and results. 





PART II 


STANDARDS RELATING TO CAPACITY, EFFICIENCY 
AND ECONOMY, AND RULES FOR RESERVE 


CAPACITY 











STANDARDS 


The standard units on which to base the various measures ol 
capacity, and the standard forms of expressing efficiency and economy 
to which the codes apply, are assembled in Tables 4 and 5. 


TABLE 4 STANDARD UNITS OF CAPACITY 


' : ne poulid oft water ¢ Vaporated into all 
a Boilers* 
steam from and at 212 deg. per hou 


One indicated horsepower developed in 
b Reciprocating Steam hain cylinders 
Engines ; , One brake horsepowe! delivered the 
! n shaft 
One britke rsepows delivered | 


ec Steam Turbines 


d Turbo-generators, 


; " 1 kilowatt-hour delivered a ‘ 
(including engine 
é mir l wWding excite > 
driven generators) 
One gallon water discharged to the force 
i] In 24 th 
' One gallon of water discharged per 1.S.2 p I 
e Pumping Machinery 
. One wate horsepower delivered to the 
Pores niin. based on the total head 


. One cu. ft. ¢ lir at 62 deg. and 30 ‘ 
f Air Machinery 
. (ore Ir ho epowel 
Odie nai ted horsepowe develope ‘ 
, il] vlinders } 
“ OcomMmorives 
One dvnamometer horsepower delivered 
the cht l ‘ 
* A subsidiary unit which m I for t r B H 
lb. of water evaporated from and at - 
at the same temperature Electr il I I r ha iggested a t ter | \I 
which differs but little from boiler horsepow vhen expre d in Bt D 
t It is assumed that the drop | 





over one-half of 
t If the exciter current is taken fr 

from the total output 
% This unit applies to small pumps al ) pea pump 


2 rol ter referred it perature tb eg 29.92 
q 30-in. barome 3 refe it 1 2d 2 
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Gas Producers . Que pound of dry fuel consumed per hour 
Qne brake lorsepower delivered Ly the 

(rns and ©) y yu eX 

ind Engin main shaft...... ; : , s br.h.p 

(one nKe orseDpowe delivere ) the 

Waterwheels 4 on Ke hor _—- ! red by 

| iain shaft.. :oewe . , br. hep 


TABLE 5 STANDARDS OF EFFICIENCY AND ECONOMY 


Kelution between B.t.u. absorbed by boiler pet 


of coal fired and calorific value of 1 b. cont 


' i Etficieney of boiler furnace and grate.) 
a Boilers , i 
Relation between I. sorbed Oller, pel 
of combustible burned and calorit value of 1 Ib 
combustible. (Efficiency of boiler and furnace. ) 
1) B.teu. per il.p.-hi 
(2) B.t.u. per brake h.p.-hi 
b Reciprocating Steam! (3) Thermal efficiency ratio referred to 1.t.p 
Engines . 1 (4) Thermal efficiency ratio referred to bi 
(5) Lb. of dry steam per i.h.p.-lr. 
(G6) Lb. of dry steam per br. h.p.-hr 
(1 1.1 er br. L.p.-h 
Steam Turbines..../ (2) Thermal efficiency ratio 
(33) Lb. of dry steam per br. h.p.-h1 
| bo-gel ors P3.t.u. poe y-l 
{ nding engine (2) Therm ethicl y ratio 
driven generators) . (5) Lb. of dry steam per kw-hi 
(1) Ft-lb. of work per million B.t.u 
© Pumping Engines (2) Ft-lb. of work per 1000 Ib. dry ste; 
(3) Ft-lb. of work per 100 Ib. dry fuel 
(1) Btu. per net air h.p. per hr 
(2) Lb. of dry steam per net air b.p. per hr. 

\ Misa ery ./ (3) Lb. of dry steam per 1000 cu. ft. of free air 
compressed to 100 Ib. gage pressure reduced to 
utmospheric temperature 
1) Lb. of dry fur per | 

(2) Lb of dry fuel per dyn. b.p.-m 
vy Locomotives >) Lb. of dry steam per i.h.p.-hr 
1) Lb. of dry steam per dyn. h.p.-hr 
(>) Lb. of dry fuel per ton-mile 
Relation between B.t.u. of the gas output per Ib 
<aee roducess uel charged and calorific \ ie Of 1 Ib. of fue 
(1) B.t.u. per brake h.p.-ln 
(2) Thermal etliciency ratio 
Gas and Oil Engines.) (3) pp. of dry fuel per br. h.p.-hr 
(4) Cu. f of gas per br. hup.-lhi 
Relation between brake lh.p. nd potential lip. of 

Waterwheels 

total water used 
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(1) Lb. of dry fuel per i.b.p.-br., main engine 
(2) Lb. of dry fuel per i.h.p.-hr., auxiliaries 

(3) Lb. of dry fuel per i.h.p.-hr., whole plant. 

(4) Lb. of dry steam per i.h.p.-hr., main engine 
(5) Lb. of dry steam per i.h.p.-hr., auxiliaries. 


' 

| 

k Steam Power Plants. 
| (6) Lb. of dry steam per i.b.p.-hr., whole plant 


(1) Lb. of dry fuel per kw-hr., main engine or 
turbine 


(2) Lb. of dry fuel per kw-hr., auxiliaries 


! Electric Power (3) Lb. of dry fuel per kw-hr., whole plant. 


Plants (4) Lb. of dry steam per kw-hr., Inmain engine o 


l 


A 


turbine 


(5) Lb. of dry steam per kw-hr.. auxiliaries 


(6) Lb. of dry steam per kw-hr., whole plant 


) ' — (1) Ft-lb. of work per million B.t.u 
m Pumping Engine 


> 4 (2) Ft-lb. of work per 100 Ib. dry fue 
Plants : 
(3) Ft-lb. of work per 1000 Ib. dry steam 
: ,(1) Lb. of dry fuel per brake h.p.-hi 
“ Gas Power Plants. . J , 
(2) Cu. ft. of gas per br. h.p.-m 
Che i.h.p ind brake h.p in this table refer to that of t . . . casi 
and the kw. to the current measured at the bus-bar, not including exciter 


Contracts for power plant apparatus should specify the leading 
dimensions of the apparatus and its rated capacity, expressed in the 
units given in Table 4. If a specific guarantee of capacity is made 
either working capacity or maximum capacity, the operating condi- 
tions under which the guarantee is to be met should be clearly set 
forth; such, for example, as steam pressure, speed, vacuum, quality 
of fuel, force of draft, etc. Likewise if a contract contains a guar- 
antee of economy all the conditions should be fully specified. 

The commercial rating of capacity determined on for power plant 
apparatus, whether for the purpose of contracts for sale, or other- 
wise, should be such that a sufficient reserve capacity beyond the 
rating is available to meet the contingencies of practical operation; 
such contingencies, for example, as the loss of steam pressure and 
capacity due to cleaning fires, inferior coal, oversight of the attend- 
ants, sudden demand for an unusual output of steam or power, etc 
To secure this end, the following requirements should be met: 

(a) Boilers. The reserve capacity of a boiler should be at least one 

third of the commercial rating, when using coal which is regarded 
as a standard where the boiler is located. the fire being crowded 


and the draft between the damper and the boiler being at least %-1n 
water column. 














(b 


(d) 
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A sufficient amount of grate surface should be provided iu such a 
boiler to develop the rated capacity with the coal and draft named 
without crowding the fire 


Reciprocating Steam Engines and Steam Turbines. The reserve 
capacity of a steam engine or steam turbine at a stipulated steam 
pressure should be such as to allow a drop of at least 15 per cent in 
the pressure without material reduction in the normal speed. It 
should also allow an overload at the specified pressure amounting to 


"> 


at least 25 per cent of the rated power 


Pumping Engines. The reserve capacity of a pumping engine 
should be such as to permit a drop in the steam pressure of at least 
15 per cent without sensible reduction in the quantity of water dis 
charged at its rated capacity, and to allow an increase in power suf 


ficient to discharge 20 per cent more water than the rated amount. 


Gas Producers. ‘The reserve capacity of a gas producer should be 
such that when forced it will burn in a given time 20 per cent more 
coal of the quality agreed upon than the rated capacity. 


Gas and Oil Engines. The reserve capacity of an internal-combus 
tion engine should be such that when supplied with gas of the kind 
and quality which it is designed to use, it should develop at least 


20 per cent more power than the commerci rating 


Waterwheels. The reserve capacity of a waterwheel should be at 
least 10 per cent more than the commercial rating at the specified 
head, the buckets in the wheel being clean and the flow of wate! 


unobstructed. 
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RULES FOR SAMPLING AND DRYING COAL AND ASH 
AND SAMPLING STEAM 














RULES FOR SAMPLING AND DRYING COAL AND ASH 
AND SAMPLING STEAM 


(A) Sampling and Drying Coal 


Select a representative shovelful from each bariow-load as it is 
drawn from the coal pile or other source of supply, and store the 
samples in a cool place in a covered metal receptacle. When all the 
coal has thus been sampled, break up the lumps, thoroughly mix 
the whole quantity, and finally reduce it by the process of repeated 
quartering and crushing to a sample weighing about 5 lb., the largest 
pieces being about the size of a pea. From this sample two 1-qt. 
air-tight glass fruit jars, or other air-tight vessels, are to be promptly 
filled and preserved for subsequent determinations of moisture, 
calorific value, and chemical composition. These operations should 
be conducted where the air is cool and free from drafts 

When the sample lot of coal has been reduced by quartering to 
say 100 lb., a portion weighing say 15 to 20 lb. should be withdrawn 
for the purpose of immediate moisture determination. This is 
placed in a shallow iron pan and dried on the hot iron boiler flue for 
at least 12 hours, being weighed before and after drying on scales 
reading to quarter ounces. 

The moisture thus determined is approximately reliable for an- 
thracite and semi-bituminous coals, but not for coals containing 
much inherent moisture. For such coals, and for all absolutely 
reliable determinations the method to be pursued is as follows: 

Take one of the samples contained in the glass jars, and subject 

it to a thorough air drying, by spreading it in a thin layer and ex 
posing it for several hours to the atmosphere of a warm room, 
weighing it before and after, thereby determining the quantity of 
surface moisture it contains. Then crush the whole of it by run- 
ning it through an ordinary coffee mill or other suitable crusher ad 
justed so as to produce somewhat coarse grains (less than 1-16 in.), 
thoroughly mix the crushed sample, select from it a portion of from 
10 to 50 grams’, weigh it in a balance which will easily show a vari 


ution as small as 1 part in 1000, and dry it for one hour in an air or 
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SAMPLING AND DRYING COAL AND ASH l 


sund bath at a temperature between 240 and 280 deg. fahr. Weigh 
it and record the loss, then beat and weigh again until the minimum 
weight has been reached. The difference between the original and 
the minimum weight is the moisture in the air-dried coal. The sun 
of the moisture thus found and that of the surface moisture is the 
total moisture. 


(B) Sampling Ashes and Refuse 


The method above described may also be followed for obtaining 
a sample of the ashes and refuse. 


(C) Sampling Steam 


Construct a sampling pipe or nozzle made of 4-in. iron pipe and 
insert it in the steam main at a point where the entrained moisture 
is likely to be most thoroughly mixed. The inner end of the pipe, 
which should extend nearly across to the opposite side of the main, 
should be closed and the interior portion perforated with not less 
than twenty }-in. holes equally distributed from end to end and 
preferably drilled in irregular or spiral rows, with the first hole not 
less than half an inch from the wall of the pipe. 

The sampling pipe should not be placed near a point where water may 
pocket or where such water may affect the amount of moisture con 
tained in the sample. Where non-return valves are used, or where 
there are horizontal connections leading from the boiler to a vertical 
outlet, water may collect at the lower end of the uptake pipe and 
be blown upward in a spray which will not be carried away by the 
steam owing to a lack of velocity. A sample taken from the lower 
part of this pipe will show a greater amount of moisture than a true 
sample. With goose-neck connections a small amount of water may 
collect on the bottom of the pipe near the upper end where the in 
clination is such that the tendency to flow backward is ordinarily 
counterbalanced by the flow of steam forward over its surface; but 
when the velocity momentarily decreases the water flows back to 
the lower end of the goose-neck and increases the moisture at that 
point, making it an undesirable location for sampling. In any case 
it should be borne in mind that with low velocities the tendency is 
for drops of entrained water to settle to the bottom of the pipe, and 
to be temporarily broken up inte spr whenever an abrupt bend 
or other disturbance is met 


If it is necessary to attach the sampling nozzle at a point nea! 
the end of a long horizontal run, a drip pipe should be provided a 
short distance in front of the nozzle, preferably at a pocket formed 
by some fitting and the water running along the bottom of the main 
drawn off, weighed, and added to the moisture shown by the calori- 
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meter; or, better, a steam separator should be installed at the point 
noted. 


D Ge Hie ral Location of Sam line Pi Me and The rmomete r-Well 
: i Y i 


In testing a stationary boiler the sampling pipe should be located as 
near as practicable to the boiler, and the same is true as regards the 
thermometer well when the steam is superheated. In an engine or 
turbine test these locations should be as near as practicable to th 
throttle valve. In the test of a plant where it is desired to get com- 
plete information, especially where the steam main is unusually long, 
sampling nozzles or thermometer wells should be provided at both 
points, so as to obtain data at either point as may be required. 

In a locomotive, the calorimeter should be attached either to the 
steam dome where it may be connected to the throttle opening, or 


to the steam passage in the saddle casting on one side. 








SECOND SECTION: INDIVIDUAL CODES 


PART I\ 


BOILER CODE 


























RULES FOR CONDUCTING EVAPORATIVE TESTS OF 
BOILERS 


1 OBJECT AND PREPARATIONS 


Determine the object, take the dimensions, note the physical con- 
ditions, examine for leakages, install the testing appliances, etc., as 
pointed out in the general instructions given on pages 1689 to 
1714, and make preparations for the test accordingly 


Determine the character of fuel to be used.' For tests of maximum 
efficiency or capacity of the boiler to compare witb other boilers, the 
coal should be of some kind which is commercially regarded as a 


standard for the locality where the test is made. 


In the Eastern States the standards thus regarded for semi-bituminous 
coals are Pocahontas (Va. and W. Va.) and New River (W. Va.) ; for 
anthracite coals those of the No. 1 buckwheat size, fresh-mined, co 
taining not over 15 per cent ash by analysis; and for bituminous coals 
Youghiogheny and Pittsburg coals. In some sections east of the Alle 
gheny Mountains the semi-bituminous Clearfield (Pa.) and Cumber 
and (Md.) are also considered as standards These coals when of 

zood quality possess the essentials of excellence, adaptability to vari 

ous kinds of furnaces, grates, boilers, and methods of firing required 
besides being widely distributed and generally accessible in the East 
ern market. 

There are no special grades of coal mined in the Western States 
which are widely and generally considered as standards for testing 
purposes; the best coal obtainable in any particular locality being 
regarded as the standard of comparison. 


A coal selected for maximum efficiency and capacity tests, should 
be the best of its class, and especially free from slagging and un- 
usual clinker-forming impurities. 

For guarantee and other tests with a specified coal containing 


not more than a certain amount of ash and moisture, the coal selected 
This code relates primarily to tests made with coal. lor reference to oil and 
gas fuel tests see Section 17, Page 1725 
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should not be higher in ash and in moisture than the stated amounts, 
because any increase is liable to reduce the efficiency and capacity 
more than the equivalent proportion of such increase. 

The size of the coal, especially where it is of the anthracite class, 
should be determined by screening a suitable sample. (See page 
1694 and Appendix No. 7 for list of sizes. 


3 APPARATUS AND INSTRUMENTS 


The apparatus and instruments required for boiler tests are: 
(a) Platform scales fer weighing coal and ashes 
(b) Graduated scales attached to the water glasses 
(c) ‘Tanks and platform scales for weighing water (or water meters 
calibrated in place) 
(d) Pressure gages. thermometers, and draft gages 
(e) Calorimeters for determining the calorific value of fuel and the 
quality of steam 
(f) Furnace pyrometers 
(g) Gas analyzing apparatus 
Full directions regarding the use and calibration of the above- 
mentioned appliances are given under the heading Apparatus and 
Instruments, pages 1691 to 1702, and on pages 1713 and 1714. 
For particulars regarding the best location of the various instru- 
ments and apparatus, see Appendix No. 24. 


t OPERATING CONDITIONS 
Determine what the operating conditions and method of firing 
should be to conform to the object in view, as pointe d out on page 
1703, and see that they prevail throughout the trial, as nearly 
as possible. 


Where uniformity in the rate of evaporation 


is required, arrangement 
can usually be made to dispose of the steam so that this resul 
be attained. In a single boiler it may be accomplished by discharg 


ing steam through a waste pipe and regulating the amount by means 


of a valve. In a battery of boilers, in which only one is tested, the 
draft may be regulated on the remaining boilers to meet the varying 
demands for stenm, leaving the test boiler to work under a steady 
rate of evaporation 


5 DURATION 
The duration of tests to determine the efficiency of a hand-fired 
boiler, should be 10 hours of continuous running, or such time as 

















BOILER CODE 1719 





may be required to burn a total of 250 lb. of coal per square foot of 
grate. 

In the case of a boiler using a mechanical stoker, the duration, 
where practicable, should be at least 24 hours. If the stoker is of a 
type that permits the quantity and condition of the fuel bed at 
beginning and end ot the test to be accurately estimated, the dura- 
tion may be reduced to 10 hours, or such time as may be required 
to burn the above noted total ot 250 lb. per sq. ft. 

lu commercial tests where the service requires continuous operation 

night and day, with frequent shifts of firemen, the duration of the 
test, whether the boilers are hand-fired or stoker-fired, should ly 
aut least 24 hours. Likewise in commercial tests, cither of a single 
wiler or of a plant of several boilers, which operate regularly a ce? 
tain number of hours and during the balance of the day the fires are 
banked, the duration should not be less than 24 hours 

The duration of tests to determine the maximum evaporacive 
capacity of a boiler, without determining the efficiency, should not be 


less than three hous, 


6 STARTING AND STOPPING 
The conditions regarding the temperature of the furnace and 
boiler, the quantity and quality of the live coal and ash on the 
grates, the water level, and the steam pressure, should be as nearly 
as possible the same at the end as at the beginning of the test. 
To secure the desired equality of conditions with hand-fired 
boilers, the following method should be employed: 
The furnace being well heated by a preliminary run, burn the fire low, 
and thoroughly clean it, leaving enough live coal spread evenly over 


oO serve us a foundation for the 


the grate (say two to four 1), 
new fire. Note quickly the thickness of the coal bed as nearly as it 
can be estimated or measured; also the water level’, the steam pres 
sure, and the time, and record the latter as the starting time. 
Fresh coal should then be fired from that weighed for the test. the 
ashpit thoroughly cleaned, and the regular work of the test pro 
ceeded with. 

Reefton he end of the test the fire should again be burned low and 
cleaned in such a manner as to leave the same amount of live coa 
on the grate as at the start. When this condition is reached, ob 
serve quickly the water level’, the steam pressure, and the time, 
nnd record the latter as the stopping time. If the water level is not 
racite coals 


1 to 2 in. for small ant 


reading ire 


= 


Do not blow down tl water-glass column for at least one 
taken An erroneous indication may otherwise be caused |} i change of temperature and 


lensitv of the water within the column and connecting pipe 
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the same as at the beginning, a correction should be made by cow 
putation, rather than by feeding additional water after the fina 
readings are taken. Finally remove the ashes and refuse from the 
ashpit. 

In a plant containing several boilers where it is not practicable to 
clean them simultaneously, the fires should be cleaned one after the 
other as rapidly as may be, and each one after cleaning charged with 
enough coal to maintain a thin fire in good working condition. Afte1 
the last fire is cleaned and in working condition, burn all the fires 
low (say 4 to 6 in.), note quickly the thickness of each, also the wate! 
levels, steam pressure, and time, which last is taken as the starting 
time. Likewise when the time arrives for closing the test, the fires 
should be quickly cleaned one by one, and when this work is com 
pleted they should all be burned low the same as at 
the various observations made as noted 

In the case of a large boiler having several furnace doors requiring 
the fire to be cleaned in sections one after the other, the above 
directions pertaining to starting and stopping in a plant of severa 
boilers may be followed. 


To obtain the desired equality of conditions of the fire when a 
mechanical stoker other than a chain grate is used, the procedurs 
should be modified where practicable as follows : 

Regulate the coal feed so as to burn the fire to the low condition re 
quired for cleaning. Shut off the coal-feeding mechanism and fil 
the hoppers level full. Clean the ash or dump plate, note quickly the 
depth and condition of the coal on the grate, the water level’, the 
steam pressure, and the time, and record the latter us the starting 
time. Then start the coal-feeding mechanism, clean the ashpit 
and proceed with the regular work of the test. 

When the time arrives for the close of the test, shut off the coal 
feeding mechanism, fill the hoppers and burn the fire to the same low 
point as at the beginning. When this condition is reached, note the 
water level, the steam pressure, and the time, and record the latter as 
the stopping time. Finally clean the ash plate and haul the ashes 

In the case of chain grate stokers, the desired operating conditions 
should be maintained for half an hour before starting a test and fo 

a like period before its close, the height of the throat plate and the 
speed of the grate being the same during both of these periods 
7 RECORDS 

The records of data should be obtained as pointed out in Part I, 

page 1703. Half-hourly readings of the instruments ar usually 


sufficient. If there are sudden and wide fluctuations, the readings in 


such cases should be taken every fifteen minutes, and in some in- 
stances oftener. 

The coal should be weighed and delivered to the firemen in portions suf 
See footnote, p. 1719 
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ficient for one hour’s run, thereby ascertaining the degree of uni 
formity of firing. An ample supply of coal should be maintained 
at all times, but the quantity on the floor at the end of each hou 
should be as small as practicable, so that the same may be readil) 
estimated and deducted from the total weight. 

The records should be such as to ascertain also the consumption 
of feedwater each hour, and thereby determine the degree of uni 
formity of evaporation 


8 QUALITY OF STEAM 


If the boiler does not produce superheated steam the percentage 
of moisture in the steam should be determined by the use of a 
throttling or separating calorimeter, in the manner pointed out in 
Part III, page 1713. If the boiler has superheating surface, the tem- 
perature of the steam should be determined by the use of a ther- 
mometer inserted in a thermometer well, as pointed out on page 
1696, Part I. 


9 SAMPLING AND DRYING COAI 


During the progress of the test the coal should be regularly sam- 
pled for the purpose of analysis and determination of moisture, in 
the manner pointed out in Part III, page 1712. 


10 ASHES AND REFUSE 


The ashes and refuse withdrawn from the furnace and ashpit 
during the progress of the test and at its close should be weighed 
so far as possible in a dry state. If wet the amount of moisture 
should be ascertained and allowed for, a sample being taken and 
dried for this purpose. This sample may serve also for analysis and 
the determination of unburned carbon and fusing temperature 


11 CALORIFIC TESTS AND ANALYSES OF COAI 


The quality of the fuel should be determined by calorific tests and 
analysis of the coal sample above referred to. Directions for making 
these tests and analyses will be found in Part I under the headings 
Coal Calorimeters and Coal Analysis Apparatus, pages 1697 and 
1698 and in Appendices Nos. 12 and 14. 


12 ANALYSES OF FLUE GASES 


For approximate determinations of the composition of the flu 
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gases, the Orsat apparatus, or some modification thereof, should br 
employed. If momentary samples are obtained the analyses should 
be made as frequently as possible, say every 15 to 30 minutes, de- 
pending on the skill of the operator, noting at the time the samplk 
is drawn the furnace and firing conditions. If the sample drawn is 
continuous one, the intervals may be made longer. 

Fuller directions will be found in Part I, under the heading Gas 
Analysis Apparatus, page 1698, and in Appendix No. 15. 


8 SMOKE OBSERVATIONS 


In tests of bituminous coals requiring a determination of the 
amount of smoke produced, observations should be made regularly 
throughout the trial at intervals of five minutes (or if necessary 
every minute), noting at the same time the furnace and firing con- 
ditions. 

Full particulars regarding these observations are given in Part I, 
under the heading Appliances and Methods Pertaining to Smoke 
Determination, page 1698, and in Appendices Nos. 16 and 17. 


14 CALCULATION OF RESULTS 


The methods to be followed in expressing and calculating those 
results which are not self-evident are explained as follows 


(a) Efficiency. The “ efficiency of boiler, furnace and grate is the rel: 
tion between the heat absorbed per pound of coal fired, and the calo 
rific value of one pound of coal. 

The “* efficiency of boiler and furnace” is the relation between the 
heat absorbed per pound of combustible burned, and the calorific 
value of one pound of combustible. This expression of efficiency fur- 
nishes a means for comparing one boiler and furnace with another, 
when the losses of unburned coal due to grates, cleanings, ete., are 
eliminated. 

The “ combustible burned” is determined by subtracting from the 
weight of coal supplied to the boiler, the moisture in the coal, the 
weight of ash and unburned coal withdrawn from the furnace and 
ashpit, and the weight of dust, soot, and refuse, if any, withdrawn 
from the tubes, flues, and combustion chambers, including ash car 
ried away in the gases, if any, determined from the analyses of coal 
and ash. The ‘combustible’ used for determining the calorifi 
value is the weight of coal less the moisture and ash found by an 
alysis. 

The *“ heat absorbed ~ per pound of coal, or combustible, is calcu 
lated by multiplying the equivalent evaporation from and at 212 deg. 
per lb. of coal or combustible by 9704. 
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Corrections for Moisture in Steam. When the percentage is less 
han 2 per cent it is sufficient merely to deduct the percentage from 
the weight of water fed. If the percentage is greater than 2 per cent 
or if extreme accuracy is required, the factor of correction equals 
(7 hy 
V+P 

n which YQ is the quality of the steam (one minus the decimal ‘epre 
senting the percentage of moisture), /? the proportion of moisture, 
/’ the total heat of water at the temperature of the steam, / the 
total heat of the feedwater. and // the total heat of saturated steam 


of the given temperature. 


Correction for live steam. if any, used for aiding Combustion. It 


live steam is admitted into tl 


e furnace or ash-pit for producing blast, 
injecting fuel, or aiding combustion, it is to be deducted from the 
total evaporation, and the net evaporation used in the various cal 


culations, 


Equivalent Evaporation. The equivalent evaporation from and at 
212 deg. is obtained by multiplying the weight of water evaporated, 
orrected for moisture in steam, by the “ factor of evaporation.” The 
utter equals 

H h 

970.4 
in Which H and kh are respectively the total heat of saturated steam 
und of the feedwater entering the boiler. When the steam is super 
heated, the total heat of the steam is that of saturated steam plus 
the product of the number of degrees of superheating by the specific 
heat of the steam. 

Unless otherwise provided, a combined boiler and superheater 
should be treated as one unit, and the equivalent of the work done 
by the superheater should he included in the evaporative work of 
the boiler. 


Heat Balance. The * heat balance,” or approximate distribution of 
the calorific value of the coal or combustible among the several 
items of heat utilized and heat lost, should be obtained in cases 
where the flue gases have been analyzed and a complete analysis 
made of the coal. 

rhe loss due to moisture in the coal is found by multiplying the 
total heat of one pound of superheated steam at the temperature of 
the escaping gases, calculated from the temperature of the air in the 
boiler room, by the proportion of moisture. 

The loss due to moisture formed by the burning of hydrogen is 
obtained by multiplying the total heat of one pound of superheated 
steam at the temperature of the escaping gases, calculated from 
the temperature of the air in the boiler room, by the proportion of 
the hydrogen, determined from the analysis of the coal, and multi- 
plying the result by 9. 

The loss due to heat carried away in the dry gases is found by 
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multiplying the weight of gas per pound of coal or combustible by 
the elevation of temperature of the gases above the temperature 
of the boiler room, and by the specific heat of the gases (0.24). 
The weight of gas referred to is obtained by finding the weight of 
dry gas per pound of carbon burned, using the formula 
11 CO,+80+7(CO+N) 
3(CO,+CO) 

in which CO,, CO, O, and N are expressed in percentages by volume, 
and multiplying this result by the proportion borne by the carbon 
burned to the whole amount of coal or combustible as determined 
from the results of the analysis of the coal, ash, and refuse. 

The loss due to incomplete combustion of carbon is found by first 
obtaining the proportion borne by the carbon monoxide in the gases 
to the sum of the carbon monoxide and carbon dioxide, and then 
multiplying this proportion by the proportion of carbon in the coal o1 
combustible, and finally multiplying the product 


- 


by 10,150, which is 
the number of heat units generated by burning to carbon dioxide one 
pound of carbon contained in carbon monoxide 

The loss due to combustible matter in the ash and refuse is found 
by multiplying the proportion that this combustible bears to the 
whole amount of coal or combustible, by its calorific value per pound. 
Kor most purposes it is sufficient to assume the latter to be 
i3.t.u., the same as that of carbon 


14,600 


The loss due to moisture in the air is determined by multiplying 
the weight of such moisture per pound of coal or combustible by the 
elevation of temperature of the flue gases above the temperature of 
the boiler room and by 0.47. The weight of 


moisture is found by 
multiplying the weight of air per pound of 


coal or combustible 
by the moisture in one pound of air determined from readings of the 
wet and dry-bulb thermometer 


Total Heat of Combustion of Coal, by Analysis. The total heat of 


combustion may be computed from the results of the ultimate an 
alysis by using the formula 


O 
14.600 C + 62,000 (H ) + 4000 §, 
8 


in which C, H, O, and S refer to the proportions of carbon, hydroge 


oxygen, and sulphur, respectively. 


Air for Combustion. The quantity of air used may be calculated 
by the formulae: 
3.032 N 


COCO 


Lb. of air per lb, of carbon 
in which N, COs and CO are the percentages of dry gas obtained b 
unalysis, and 
Lb. of air per lb. of coal lb. air per lb. C x per cent C in the coal. 
The ratio of the air supply to that theoretically required for com 


plete combustion is —— 
N — 3.782 O 
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15 DATA AND RESULTS 
The data and results should be reported in accordance with eithe: 
the Short Form or the Complete Form printed below, adding lines 
for data not provided for, or omitting those not required, as may 
conform to the object in view. 


16 CHART 
In trials having for an object the determination and exposition of 
cne complete boiler performance, the entire log of readings and data 
snould be plotted on a chart and represented graphically. See 
Appendix No. 23. 


17 TESTS WITH OIL AND GAS FUELS 

Tests of boilers using oil or gas for fuel should accord with thi 
rules here given, excepting as they are varied to conform to the par- 
ticular characteristics of the fuel. The duration in such cases may 
be reduced, and the “flying”? method of starting and stopping em- 
ployed. 

The table of data and results should contain items stating character ol 
furnace and burner, quality and composition of oil or gas, tempera 
ture of oil, pressure of steam used for vaporizing and quantity of 


steam used for both vaporizing and for heating. 


‘ABLE 1 DATA AND RESULTS OF EVAPORATIVE TES’ 
SHORT FORM, CODE OF 1912 


i: 2 Seer , .boiler located at 


to determine........ <° .., conducted by 
‘2) Wind of furnace 


(3) Grate surface 


eevee eeetense eos edd S00 “q. 1 
(4) Water-heating surface... si. ft 
(5) Superheating surface so. ft 
RD BD nicked kceacz cae 
CZ) FOIE hes ds cceseecicdsen oer I 
(8) Kind and size of coal............. 

AVERAGE PRESSURES, TEMPERATURES, ET 
(9) Steam pressure by gage......... Ih 

(10) Temperature of feedwater entering boiler.. leg. 

(11) Temperature of escaping gases leaving boiler.... deg 

(12) Force of draft between damper and boiler.. in 

(13) Percentage of moisture in steam, or number deg. of superheat 

ing $ Rn peo ey ere : ~ 


per cent or deg 











(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 


(21) 


(36) 


(357) 


(3S) 


(39) 


$i) ) 
(41) 


| The 





REPORT OF POWER TEST COMMITTEE 


TOTAL QUANTITIES 


ee OE OOS OU TE. ov nce eke ceca wats 06466040 4s ee os e005 Ib. 
POPCOMTENO CL MIOISTUTO I COB]... 2 ccc cccsrccccccccveseess per cent 
Total weight of dry coal COMSUME... 2... ccccccsccccccccccscccece lb 
ee ee Se Rs cick cewt aes ce besdewtew ex a ee ee a 

Percentage of ash and refuse in dry Coal.............ce200. per cent. 
Total weit Of water Ted tO ERE DOME! . oo oc ccc ccsiccccececcciesss Ib. 
Total water evaporated, corrected for moisture in steam.......... Ib 
otal equivalent evaporation from and at 212 deg................ lb 


HIOURLY QUANTITIES AND RATES 


SOE CS COUR OE TROUT so go wo hii wine cates oso shen a ce i 
Dry coal per sq. ft. of grate surface per hour................0... 
Water evaporated per hour corrected for quality of steam........1b 
Equivalent evaporation per hour from and at 212 deg........ . 1b 
Equivalent evaporation per hour from and at 212 deg. per sy. ft 


of water-heating surface........ : Ab vattale : ; , , lb 


("APACITY 


Evaporation per hour from and at 212 deg. (Same us Line 25) lb 
Boiler horsepower developed (Item 27 ~ 34%)....... bl. L.p 
Rated capacity, in evaporation from and at 212 deg. per hour......1b 
MAUR BORE TOTHODOWEE. 2 oc os occ stecdassicr rerrrrr Te, 
Percentage of rated capacity developed....... : ...per cent 


ECONOMY RESULTS 


Water fed per lb. of coal fired (Item 19 - Item 14)............ Ib 

Water evaporated per lb. of dry coal (Item 20 + Item 16)....... lb 

Equivalent evaporation from and at 212 deg. per lb. of dry coal 
RS en 90> I GR oo cae Sng ce we whic wwe lw i ole iain to wid 56 Ripae a ane eee 

Equivalent evaporation from and at 212 deg. per Ib. of combus 
tible [Item 21 — (Item 16 DS ER a elt a Aiud or he Bie = % 

MFFICIENCY 
Caloric value of 1 th. of Gry COeh. icici cee ccewicns ee) 
Catorifie valine of 1 Ib. of combustible. .... icc cccicccsccccce. 3. tu 


Efficiency of boiler, furnace and grate] 100 » per cent. 
Item 36 


YE ad , ; Item 35 x 970.4 
Efficiency of boiler and furnace | 100 » - ...per cent 
[tem 37 
(‘OST O1 ky APORATION 
Cost of coal per ton of .... lb. delivered in boiler room......dollars 
Cost of coal required for evaporating 1000 lb. of water from and 
at 212 deg 


Ceara ana ; .... dollars 


term “‘as fired’’ means actual condition including moisture, corrected for estims 


ated differ- 


ence in weight of coal on the grate at beginning and end 


2 Corrected for inequality of water level and steam pressure at beginning ind end 
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TABLE 2. DATA AND RESULTS OF EVAPORATIVE TEST 
COMPLETE FORM, CODE OF 1912 


Sie a eee .. boiler located at 


to determine. ....... -eeeee, CONCUCTEd Dy 


DIMENSIONS. VROPORTIONS, ET¢ 


2) Number and kind of boilers... 


(3) King of furnace......... 

(4) Grate surface........ width........length.. rune eee 
(5) Approximate width of air spaces in grate.............-cceceeeeeIM 
(6) Proportion of air space to whole graie surface per cent 
(7) Water-heating surface............ exec PEN toe ee sq. ft 
(S) Superheating surface...... ideas ar sq. ft 
(9) Ratio of water-heating surface to grate surface to | 
(10) Ratio of minimum draft area to grate surface. .1 to 
Coen BE WaswsGdenense ae anda nmats 

(2). BPBOOE occ ae cicans sn Se Ee a rere uhaeame emis hr. 
(is? Seeee OF CORI. wos cccks Se are pee ert ye 

ter. ne OE: II ig aie oe i a es ae ee eae 


AVERAGE PRESSURES, TEMPERATURES, ET 


(15) Steam Presseere. BY GAFS... 0... ce iccccscssscccs ‘ ities lly 
C36) <TRRROMIGEIIG = PDECNIIID. cic cciccansededusas pals pati , bb. 
(17) Force of draft at dampers of individual boilers.. inte ole oe 
(1S) Force of draft in main flue near boilers........ ie wig joo 
(19) Force of draft in main flue between economizer and chimney... .in. 
(20) Force of draft in furnmaces............ pia a ae ee ania oa 
(21) Force of blast in ashpits site. Ale Reena wa seieraate ae ae 


(22) State Of wWentel. «..< cscs pa gd inal ail 


23) Temperature of external air :, . deg 


(23 

(24) Temperature of fireroom ‘ e+ Qe. 
(253) Temperature of steam.............. erty — .- deg 
(26) Normal temperature of saturated steam......................deg 


(27) Temperature of feedwater entering flue heater or economizer. .deg 


(28) Temperature of feedwater leaving heater or economizer and 


entering boilers....... ayer see E deg. 
j (29) Temperature of gases leaving boilers...... a arialern we .. deg 
(30) Temperature of gases leaving economizer. eae ealaee deg 


(QUALITY OF STEAM 


(31) Percentage of moisture in steam . rota per cent 
(352) Number of degrees of superheating.. : . deg 


(33) Quality of steam (dry steam = unity) 


TOTAL QUANTITIES. 


(34) Weight of coal as fired’............. vibe ow eee 
(35) Percentage of moisture in coal........... ; per cent 
(36) Total weight of dry coal consumed..... ‘ : lb 


Ce) “ORT OR I WH sy ok woo hc Secccues ee , aa Ib 
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(38) ‘Total combustible consumed (Line 36——Line 37) ! 


(39) Percentage of ash and refuse in dry-coal -per cen 
(40) Total weight of water fed to boiler P l} 
(41) ‘Total water evaporated corrected for moisture in stean ‘ I 


(42) Factor of evaporation, based on temperature of water entering 
boilers 


(48) Total equivalent evaporation from and at 212 des lb 
HOURLY QUANTITIES AND RATES 

(44) Dry coal consumed per hour... 

(45) Combustible consumed per hour.. 

(46) Dry coal per sq. ft. of grate surtace per hour 

(47) Water evaporated per hour, corrected for quality of steam | 

(48) Equivalent evaporation per hour from and at 212 deg 


(49) Equivalent evaporation per hour from and at 212 deg. pe 


of water-heating surface 
PROXIMATE ANALYSIS OF COAT 
(50) Fixed carbou ver Ce 
(51) Volatile matter . per cent 
(52) Moisture .. , per cent 
(533) Ash eS , per cent 


100 per cent 
(54)Sulphur, separately determined 


per « 
ULTIMATE ANALYSIS OF Dry Coat 
(or) Carbon (€) i pel ‘ 
(56) Hydrogen (11) ‘ eC] 
(D7) Oxygen (O) per cent 
(DS) Nitrogen (N) ner ce 
(59) Sulphur (S) per 
it) Ash ner cent 


100 per cent 
(G1) Moisture in sample of coal as received. 


ANALYSIS OF ASIT AND REFUst} 

(G2) Carbon ‘ per cent 
ee ee per cen 

(a) SiO 

(vb) AILO, and Fe,O 

(c) MgO 

(d) CaO 
(4) Temperature of fushion of ash deg 

CALORIFIC VALUE. 

(5) Calorific value of 1 lb. of dry coal by calorimeter .B.t.u 
(66) Calorific value of 1 lb. of combustible by calorimeter 3.t.u 
(67) Calorific value of 1 lb. of dry coal by analysis B.t.u 


(GS) Calorifie valne of 1 Ib. of combustible by analysis _B.t.u 











is} 


i SU) 








So) 
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(‘APACITY. 


Kk vaporation per Lour from and at 212 deg. (same as Line 48)... .1b. 


Boiler horsepower developed (Line G9 -~ 34%%)............ bl.b.p 
Rated capacity per hour, from and at 212 deg..........ceeecees lb. 
Rated boiler NOrsepOwer. .....ccccccsccccccccssevesesesoes bl.L.p 
Percentage of rated capacity developed.......... o.-..per cent 
ECONOMY RESULTS. 
Water fed per lb. of coal (Item 40 = Item 34) .......2. cee ewes lb. 
Water evaporated per lb. of dry coal (Item 41 = Item 36)....... Ib. 
Iquivalent evaporation from and at 212 deg. per lb. of coal 
fired (Item 43 ~ Item 34)........ a eee emai i ae 
Equivalent evaporation from and at 212 deg. per lb. of dry coal 
(Item 43-4 TUG BG) ic cc wccscccsdes cvcedeccessvsvessseseses lb 
Kquivalent evaporation from and at 212 deg. per |b. of com- 
a a ee TTT TTT TET TTT TT Te lb 


Ke FFICIENCY. 


Item 77 x 970.4 
itliciency of boiler, furnace md cratel 100~x " per cen! 
Item 65 
ltem 78 x 970.4 
ietliciency of boiler and furnace LUO x per cent 
Item 66 


Cost oF EVAPORATION, 


Cost of coal per ton of .... lb. delivered in boiler room....dollars 
Cost of coal required for evaporating 1000 lb. of water under 


observed conditions........... ‘eaxa< iotes bot cance fs Oe tarde ace cre 


Cost of coal required for evaporating 1000 lb. of water from 


and at 212 deg. . dollars 


SMOKE DATA. 

Percentage of smoke as observed 
MerETHODS OF FIRING. 

Kind of firing, whether spreading, alternate, or cooking 


Average thickness of fire 


intervals between firings for each furnace during time 
when fires are in normal condition 


Average 


Average interval between times of leveling or breaking up 


ANALYSIS OF Dry GASES BY VOLUME. 


Carbon dioxide (CQO.,) 


ie AE a Oa ae Seite ee ates ass gd pom ae iit per cent 
Oxygen (Q).... TEE ETT Pee rT ere ee werrer ey .per cent 
bo Ek ee er werrrrrrr per cent 
ERVGRORE GME BUGROCRTOOUM, 6 okc vce ctcccccanad enersbeoon per cent 
Nitrogen, Dy Gimerence (NN)... csccccescccoess ieee eaten ce ee 


100 per cent 
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Heat BaLaNnce, Basep ON Dry Coat and COMBUSTIBLE 


Drv Coa Combustible 
as Fired Burned 
B.t.u Per Cent B.t.u. Per Cent 

(95) Heat absorbed by the boiler (Line 76 or 77x970.4 
(96) Loss due to evaporation of moisture in coal 
(97) Loss due to heat carried away by steam forme 

by the burning of hydrogen 
98) Loss due to heat carried away in the dry flue gases 
99) Loss due to carbon monoxid 
100) Loss due to combustible in ash and refuse 
101) Loss due to heating moisture in air 
102) Loss due to unconsumed hydrogen and hydro 

carbons, to radiation, and unaccounted for 
103) Total calorific value of 1 lb. of dry coal or con 

bustible (Lines 65 and 66 LOO 100 
1 The term “‘as fired’? means actual condition including n ture rrected for estimated differ 


ence in weight of coal on the grate at beginning and end 


2 Corrected for inequality of water level and of steam pressure at beginning and 
8 The svmbol U. E. meaning Units of Evaporation, may be substituted for the express 


Equivalent water evaporated into dry steam from and at 212 deg 
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RULES FOR CONDUCTING TESTS OF RECIPROCATING 
ENGINES 
1 OBJECT AND PREPARATIONS 
Determine the object, take the dimensions, note the physical con- 
ditions not only of the engine but of all parts of the plant that are 
concerned in the determinations, examine for leakages, install the 
testing appliances, etc., as pointed out in the general instructions 
given on pages 1689 to 1714, and prepare for the test accordingly. 


2 APPARATUS AND INSTRUMENTS 


The apparatus and instruments required for a simple performance 
test of a steam engine, in which the steam consumption is deter- 
mined by feedwater measurement, are: 

(a) Tanks and platform scales for weighing water (or water meters 

calibrated in place) 

(b) Graduated scales attached to the water glasses of the boilers 

(c) Pressure gages, vacuum gages, and thermometers 

(d) <A steam calorimeter 

(e) A barometer 

(f) Steam engine indicators 

(9g) <A planimeter 

(i) <A tachometer or other speed measuring apparatus 

(i) A friction brake or dynamometer 


Directions regarding the use and calibration of these appliances 
are given on pages 1691 to 1702, and on page 1713. 

The determination of the heat and steam consumption of an engine 
by feedwater test requires the measurement of the various supplies 
of water fed to the boiler; that of the water discharged by separators 
and drips not returned to the boiler, and that of water and steam 
which escapes by leakage of the boiler and piping; all of these last 
being deducted from the total feedwater measured. 


Where a surface condenser is provided and the steam consumption is de 
termined from the water discharged by the air pump, no such meas- 
urement of drips and leakage is required, but assurance must be had 
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that all the steam passing into the cylinders finds its way into the 
condenser. If the condenser leaks the defects causing it should be 
remedied, or suitable correction made for the leakage. 


To ascertain the consumption of heat, the various feed tempera- 
tures are taken and heat calculations made accordingly. If the 
conditions imposed by the particular method adopted for carrying 
on the test depart from the usual practice, as for example where a 
colder supply of feedwater is used than the ordinary supply, a pre- 
liminary or subsequent run should be made to ascertain the tem- 
peratures which obtain under the usual working conditions, and the 
heat measurements obtained under the test-conditions appropriately 
corrected for such departures. 

The steam consumed. by steam-driven auxiliaries which are re- 
quired for the operation of the engine should be included in the total 
steam from which the heat consumption is calculated and the quan- 
tity of steam thus used should be determined and reported. 

For fuller particulars, see description of Steam Measuring appa- 
ratus, page 1692, Part I, and Appendices Nos. 3 and 25. 


3 OPERATING CONDITIONS 
Determine what the operating conditions should be to conform 


to the object in view, and see that they prevail throughout the trial, 
as pointed out on page 1703, Part I. 


4 DURATION 


A test for heat or steam consumption, with substantially constant 
load, should be continued for such time as may be necessary to 
obtain a number of successive hourly records, during which the 
results are reasonably uniform. For a test involving the measure- 
ment of feedwater for this purpose, five hours is sufficient duration. 
Where a surface condenser is used, and the measurement is that of 
the water discharged by the air pump, the duration may be some- 
what shorter. In this case, successive half-hourly records may be 
compared and the time correspondingly reduced. 

When the load varies widely at different times of the day, the 
duration should be such as to cover the entire period of variation. 

The preliminary or subsequent trial for determining the working 
temperatures on a heat test, where the temperatures obtained under 
the test conditions depart from the usual temperatures, should be 
of such duration as may be required to secure working results. 
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5 STARTING AND STOPPING 


The engine and appurtenances having been set to work and 
thoroughly heated under the prescribed conditions of test, except 
in cases where the object is to obtain the performance under working 
conditions, note the water levels in the boilers and feed reservoir, 
take the time and consider this the starting time. Then begin the 
measurements and observations and carry them forward until the 
end of the period determined on. When this time arrives, the water 
levels and steam pressure should be brought as near as practicable 
to the same points as at the start. This being done, again note the 
time and consider it the stopping time of the test. If there are dif- 
ferences in the water levels, proper corrections are to be applied. 

Where a surface condenser is used, the collection of water dis- 
charged by the air pump begins at the starting time, and the water 
is thereafter measured or weighed until the end of the test; no ob- 
servations of the boilers being required. 

Care should be taken in cases where the activity of combustion in the 
boiler furnaces affects the height of water in the gage glasses that 
the same conditions of fire and drafts are operating at the end as 
at the beginning. For this reason it is best to start and stop a test 
without interfering with the regularity of the operation of the feed 
pump, provided the latter can be regulated to run so as to suppl) 
the feedwater at a uniform rate. In some cases where the supply of 
feedwater is irregular, as, for example, where an injector is used 
of a larger capacity than is required, the supply of feedwater should 
be temporarily shut off. 

Suitable care should be observed in noting the average height 
of the water in the glasses, taking sufficient time to satisfactorily 
judge of the full extent of the fluctuation of the water line, and 
thereby its mean position. 


6 RECORDS 


The general data should be recorded as pointed out in Part I, 
page 1703, under the heading Records. Half-hourly readings of the 
instruments are sufficient, excepting where there are wide fluctua- 
tions. A set of indicator diagrams should be obtained at intervals 
of 20 minutes, and at more frequent intervals if the nature of th 
test makes it necessary. Mark on each card the cylinder and the 
end on which it was taken, also the time of day. Record on one card 
of each set the readings of the pressure gages concerned, taken at the 
same time. These records should subsequently be entered on the 
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general log, together with the areas, pressures, lengths, etc., measured 
from the diagrams, when these are worked up. 

Further directions may be found in Part |, page 1699, under 
the heading Indicators, and in Appendix No. 18. 


7 CALCULATION OF RESULTS 
(a) Dry Steam. The quantity of dry steam consumed when there Is 
no superheating is determined by deducting the moisture found by 
calorimeter test from the total amount of feedwater (the latter 
being corrected for leakages) or from the amount of air pump dis 
charge, as the case may be. 
When there is superheating the dry steam is found by multiplying 
the weight of superheated steam by the factor 


eG /) 
1+ 
H h 
in which 
CU specific heat of superheated steam at observed pressure and 
temperature, 
T temperature of superheated steam. 
t temperature of saturated steam. 
H total heat of saturated steam of observed pressure 
h total heat of feedwater. 


(b) Heat Consumption. The number of heat units consumed by the 
engine is found by multiplying the weight of feedwater consumed, 
corrected for leakages, by the total heat of the steam above the work- 
ing feed temperature, and multiplying the product by a factor of 
correction expressing the quality of the steam. 

If the steam contains moisture, this factor equals 

p T—h 
r ee 
in which Q is the quality of the steam (one minus the decimal repre 
senting the percentage of moisture), P the proportion of moisture. 
T the total heat of water at the temperature of the steam, h the total 
heat of the feedwater, and // the total heat of saturated steam. 

If the steam is superheated, the factor is that given above under 
(a) Dry Steam. 

If there are a number of sources of feedwater supply, the corre 
sponding heat units should be determined for each supply and the 
various quantities added together. 

The British standard of heat consumption is based on a feedwate1 
temperature assumed to be that of the temperature of saturated 
steam corresponding to the observed back pressure (whether this 
is above or below the atmosphere), plus the temperature due to heat 
derived from jacket or reheater drips. It does not include the heat 
consumed by any auxiliaries, except jackets and reheaters. 

For fuller particulars see Appendices No. 25 and No. 26. 
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(c) Indicated Horsepower. in a single double-acting cylinder the indi- 
cated horsepower is found by using the formula 
PLAN 
33,000 
in which /’ represents the average mean effective pressure in pounds 
per sq. in. measured from the indicator diagrams, L 
stroke in ft., 1 the area of the 


the length of 


piston less one-half the area of the 


piston rod, or the mean area of the rod if it passes through both 
cvlinder beads, in sq. in., and \ the number of single strokes pet 
minute. 


Where extreme accuracy is required, the power developed by each 
side of the piston may be determined and the results added together. 


(d) Brake Horsepower. ‘Lhe brake horsepower is found by multiplying 


the net weight on the brake arm (the gross weight minus the weight 

when the brake is entirely free) in Ib., the circumference of the circle 

passing through the bearing point at the end of the brake arm, in fi 
and the number of revolutions of the brake shaft per minute: and 
dividing the product by 55,000, 

(€) Electrical Horsepower. Lhe electrical horsepower for a direct 
connected generator is found by dividing the output at the bus-bar, 
expressed in kilowatts, by the decimal 0.746. For alternating-current 
systems the net output is to-be used, being the total output less that 
consumed for excitation. See Appendix No. 21 

(f) Efficiency. ‘The efficiency is expressed by the thermal efficiency 

ratio, which is found by dividing the quantity 2545 by the numbei 
of heat units consumed per h.p.-hr.. either indicated or brake. 

See Appendix No. 138 for reference to British practice. 

(g) Steam accounted for by indicator Diagrams. The steam accounted 

for, expressed in pounds per i.l.p. per hour, may readily | 

by using the formula 


e found 


13.750 


(CU +B) We (H +E) Wh 
m.e.p. 
in which 
1.e.p mean effective pressure. 
CU proportion of stroke completed at cut-off or release 
EK = proportion of clearance 
H proportion of stroke uncompleted at compression 
We weight of 1 cu, ft. steam at cut-off or release pressure : 
Wh weight of 1 cu. ft. steam at compression pressure 


The points of cut-off release and compression, referred to 
dicated in Fig. 1.+ 


in multiple expansion engines the mean effective pressure to be 


ure 
used in the above formula is the combined m.e.p. referred to the 
eylinder under consideration. In a compound engine the combined 


* Reproduced from Report of Committee on Standardizing Engine T* 
Am. Soc. M. E., vol. 24, p. 744 


sts, Fig. 122, Trans 
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in.e.p. for the h.p. cylinder is the sum of the actual m.e.p. of the b.p. 
cylinder and that of the Lp. cylinder multiplied by the 
cylinder ratio. Likewise the combined m.e.p. for the l.p. cylinder 
is the sum of the actual m.e.p. of the Lp. cylinder and the m.e.p. 
of the h.p. cylinder divided by the cylinder ratio. 


(h) Cut-Off and Ratio of Expansion. To find the percentage of cut-off, 
or what may best be termed the “ commercial cut-off,” the following 
rule should be observed: 

Through the point of maximum pressure during admission 
draw a line parallel to the atmospheric line. Through a point 
on the expansion line where the cut-off is complete, draw a 





Release 





Atmospner ne 


Fie. 1 Pornts WHERE © STEAM ACCOUNTED FOR BY LNDICATOR’’ 1S COMPUTED 


hyperbolic curve. The intersection of these two lines is the 
point of commercial cut-off, and the proportion of cut-off is 
found by dividing the length measured on the diagram up to 
this point by the total length. 

Yo find the ratio of expansion divide the volume corresponding to 
the piston displacement, including clearance, by the volume of the 
steum at the commercial cut-off, including clearance. 

In a multiple expansion engine the ratio of expansion is found by 
dividing the volume of the 1.p. cylinder, including clearance, by the 
volume of the h.p. cylinder at the commercial cut-off, including 
clearance. 


(i) Miscellaneous. The method of obtaining a “combined diagram” 
in compound and other multiple expansion engines is pointed out in 
Appendix No. 27. That of finding the “diagram factor” is given 
in Appendix No, 28. Methods of making “ heat analyses,” and “ tem 
perature entropy diagrams,” and the manner of determining the 
“ratio of economy of an engine to that of an ideal engine,” are 
given in Appendices Nos, 29, 30, and 31, respectively. 
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8 DATA AND RESULTS 
The data and results should be reported in accordance with either 
the Short Form or Complete Form given herewith, adding lines for 
data not provided for, or omitting those not required, as may con- 
form to the object in view. 
(See footnote on page 1744 for reference to engines driving elec- 
tric generators and other machinery.) 


rABLE 1 DATA AND RESULTS OF HEAT AND FEEDWATER TESTS 
OF STEAM ENGINE 


SHORT FORM, CODE OF 1912 


6h ee ee engine located at. 
Se INE. oan dec wtaa womens conducted by 
(2) Type and class of engine and auxiliaries......... 


Ist Cyl. 2dCyl. 3d Cyl 
(3) Dimensions of main engine: 


(a) Diameter of cylinder......... i sctuede ) aes 
ce eee OE Bs i cise cbiencs i) Gawatee awa 
(c) Diameter of piston rod each end, in 

(d) Average clearance....... ee  vwhiwes secures 
Sk) Se oC knee SCRLN SES Seekwe ewenes 


(f) Horsepower constant for 1 Ib. 
m.e.p. and 1 r.p.m..... 
(4) Dimensions aml Gype GE GUMIMAFICS. . ...6cc cc cecccccceecccsesec. 


a ira oi 6 ae ong a nc rgre etek reat its ah ats iw alata row a es RA 
6 ao ie aretienna atgeGhne “G:  stnwbnyinateaalere .hr 
AVERAGE PRESSURES AND ‘TEMPERATURES 
(7) Pressure in steam pipe near throttle by gage Ib 
(8) Barometric pressure of atmosphere in in. of mercury <0 eal 
(9) Pressure in receivers by gage............ ee .. 1b 
(10) Vacuum in condenser in in. of mercury............. in. 
(11) Pressure in jackets and reheaters by gage...... iD 
(12) Temperature of main supply of feedwater....... deg 
(13 Temperature of additional supplies of feedwater.......... .. deg. 
ToraL QUANTITIES 
(14) Total water fed to boilers from main source of supply......... . Ib. 
(15) Total water fed from additional supplies...................... lb. 
(16) Total water fed to boilers from all sources...... See reer. | 


(17) Moisture in steam or superheating near throttle....per cent or deg. 
(18) Factor of correction for quality of steam 


(19) ‘Total dry steam consumed for all purposes......... Tree 











(20) 
(21) 
(22) 
(23) 
(24) 
(25) 


(26) 


(34) 


(35) 


(36) 


(37) 


(38) 


» 


(39) 


(40) 


(41) 


(42) 
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HOURLY QUANTITIES 
Water fed from main source of supply... 
Water fed from additional supplies... 
Total water fed to boilers per hour.......... 
Total dry steam consumed per hour 


Loss of steam and water per hour due to drips from main steam 


pipes and to leakage of plant 


Net dry steam consumed per hour by engine and auxiliaries.. .lb. 


Net dry steam consumed per hour: 
LO Ba I irc tnnessee sk sider vonssesarge ness 
Ce Sr Chae a ce wdeiidinnss scakaccvieweeaexes 


Heat Data 


Heat units per lb. of dry steam, based on temperature 
Line 12 


Heat units per lb. of dry steam, based on temperature 
Line 13 


Heat units consumed per hour, main supply of feed......... 
Heat units consumed per hour, additional supplies of feed 


Total heat units consumed per hour for all purposes........ 


Loss of heat per hour due to leakage of plant, drips, etc 
Net heat units consumed per hour: 
(a) 3y engine and auxiliaries. . 
(b) By engine alone 
(ec) By auxiliaries. . 


INDICATOR DIAGRAMS 


Commercial cut-off in per cent of stroke.. 
Initial pressure in Ib. per sq. in. above 


CE acvaacaeanercdsebesteeuseas Wiekds SaGeus 


Back pressure at lowest point above or 

below atmosphere in Ib. per sq. in 

Mean effective pressure in Ib. per sq. in... 

Steam accounted for by indicator in lb. per 
i.h.p. per hour: 

Ce Ss So axe ca wideniesadss 

(b) Near release 


Revolutions per minute.. 
Piston speed in ft. per min 


POWER 
Indicated horsepower developed by main-engine cylinders: 
Sr GE prec bas entucees since eur ens 
ee 
3d evlinder whole engine 
Whole engine.......... 


rake horsepower 


er | 


mm 42 2 


. B.t.u. 


qa 
met 8 
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ECONOMY RESULTS 


(43) Heat units consumed by engine and auxiliaries per hour: 


(a) Per indicated horsepower........ TT eee OT ere B.t.u. 

Ce ee ee, IIE ins os0 0s danas Guns Sev eeeeanaees B.t.u. 
(44) Dry steam consumed per indicated horsepower per hour: 

ee a reer ante eae 

Ch) ee CRIED: MONS yd ain w wink ds aks as wich bainiee ea Oe ae eis Ib. 

ee ne ert rr eee yee ee ee Ib 
(45) Dry steam consumed per brake horsepower per hour 

a Se I NO, oo 6h oo deh SNS de coos ease snd Ib 

(b) a rr Cr. SOO, | os abcde wees eee oe 08% eo ee Ib 

ee eee ee eee ee eT Te ee ree <r 
(46) Percentage of steam used by main-engine cylinders accounted 


for by indicator diagrams 
(a) Near cut-off.... bo daees 7 wi SaaS ; .per cent 
(b) Near release i a Sa enhe tite Sabir eek ecu ce Geen 


SAMPLE DIAGRAMS 


TABLE 2 DATA AND RESULTS OF STEAM-ENGINE TEN'1 
COMPLETE FORM, CODE OF 1912 


Cee Be Miciccscccccsuuvews ....engine located at....... pen Se ee 
to determine....... .«...-conducted by...... 

(2) Type of engine (simple, compound, or other multiple expansion ; 
condensing or non-condensing)........ 

(3) Class of engine (mill, marine, electric, CtC.)......cccccccccsccceces 

ee ee eee eee eee ee eee ee eee 

(5) Name of builders...... ace ts Sia ak vail. Sgt ian ala a soe eee ae 


(6) Number and arrangement of cylinders of engine; how lagged: 


ge ae ree eee ee ee ee ee 
(7) Type of valves....... Sicgive eae ean ek kia ak 
(8) Type of boiler......... Pe ee Cee TCT ee RE Te eee 
(9) Kind and type of auxiliaries (air pump, circulating pump, feed 
Oe: JQCRES, NOACEES, CEC.) ic. cicdicvivecss eer rry Cee : 
Ist Cyl. 2d Cy od Cy! 


(10) Dimensions of engine 
(a) Single or double acting.. 


(b) Cylinder dimensions: 


SR, IN 2's ce aaa lane aos a SAaheCaMoe) Latter incn ia 
a 5 ae rey a 
Diameter of piston rod, in......  ..... 


Diameter of tail rod, in.... 


(c) Clearance in per cent of volume 
displaced by piston per stroke: 
FIORG-ONG, POT CONE... cccscsvecs 
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Crank-end, per cent....... 
Average, per cent... 


(d@) Surface in sq. ft. (average) 
Barrel of cylinder, sq. fit 
Cylinder heads, sq. ft........ 
Clearance and ports, sq. ft 
Ends of piston, sq. ft : 

(c) Jacket surfaces or internal surfaces 
of cylinder heated by jackets, in 
sq. ft.: 
parrel of cylinder, sq. ft 
Cylinder heads, sq. ft 
Clearance and ports, sq. ft 
Receiver jackets, sq: ft 


(a) Llorsep. Wel coustant for 1 Ib 
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(bh) I Ai 2r. e surtace Sq. It 

(Cc) lo water heating surface sq. ft 

(d) I il steam he Ing surface sq. ft 
Dimensions of auxiliaries 

(a) Air pump 

(b>) Cireulating pump 

(c) Feed umps... 

(d) Heaters 
Dimensions ol condense! 
Dimensions of electric or other machinery driven by engine 
Date 
Duration hi 

AVERAC PRESSURES AND ‘I IPERATURES 

Steam pressure at boiler by gage Ib 
Steam pipe pressure near throttle, by gage ly 
Barometric pressure of atmosphere in Ib. per. sq. it li 
Pressure in first receiver by gage ly 
Pressure in second receiver by gage iD 
Vacuum in condenser 

(a) In in. of ercury it 

(Ob) Corresponding total pressure. ..........cccccccccceccs b 
PROGUECO FM GEGEM DUCES DY GAM .6 cok cic vavacscsveceseseseoce Ih 
Vressure in reheater by gage 
Superheat in steam le Ing first receiver de 
Superheat in stenm leaving second receiver dey 
Temperature of main supply of feedwater to boilers deg 
Temperature of additional supplies of feedwater deg 


Ideal feedwater temperature corresponding to the pressure of 


the steam in the exhaust pipe, allowance being made for heat 


derived from jacket or reheater drips (British Standard) 


deg 
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(30) Temperature of injection or circulating water entering condenser.deg 
(31) Temperature of injection or circulating water leaving condenser.deg 
(32) Temperature of air in engine room........ — .. deg 


TOTAL (QUANTITIES 


(33) Water fed to boilers from main source of supply... cae 
(54) Water fed from additional supplies............ ed haan ga 
(35) Total water fed to boilers from all sources.................... Ib 
(36) Moisture in steam or superheating near throttle....per cent or deg 


(37) Factor of correction for quality of steam, dry steam being unity .1b 
(38) Total dry steam consumed for all purposes....... AERER ENE? Gree ees er 
HOURLY QUANTITIES 


(39) Water fed from main source of supply..... ; Il) 


(40) Water fed from additional supplies......... lly 
(41) ‘Total water fed to boilers per hour.... b. 
(42) ‘Total dry steam consumed per hour.. ; Ib 
(43) Loss of steam and water per hour due to drips from main steam 
pipes and to leakage Of PlGit....és.cccccsencvess Cavas bee 
(44) Net dry steam consumed per hour by engine and auxiliaries Ih) 
(45) Dry steam consumed per hour 
(a) Main engine alone...... ee eee ee ie errr 
(b) Jackets and reheaters.......... ee a ot 
Coe Meee Wi6.6349556000548% Sea ie Wakes a as a na Ib 
ee INN NI a is ear an ae Solano SrA iw wie Oa aio ae Ib 
(e) Feedwater pump........... Sa sits ae Ib 
Sy ee NINN Gaicle a's hk mins. «cn sie uiemegued sew oi Ib 
(46) Injection or circulating water supplied condenser per hour cu. ft 


Heat Data 
(47) Heat units per pound of dry steam, based on temperature of 
7S id 


SE Se haa S eas Ae eC Ras Re ine e Mahesh ae <n eased B.t.u 
(48) Heat units per pound of dry steam, based on temperature of 


NS i arta hwo ke aon i Rw race ae ae I hi. evaded A ee ye B.t.u 
(49) Heat units consumed per hour, main supply of feed.. B.t.t 
(50) Heat units consumed per hour, additional supplies of feed....B.t.u 
(51) Total heat units consumed per hour for all purposes. . » «etal 
(52) Loss of heat per hour due to leakage of plant, drips, et .B.teu. 
(53) Net heat units consumed per hour: 

(a) $y engine and auxiliaries. . B.t.u. 

(Db) $y engine alone........ ee B.t.u 

(c) $y auxiliaries...... Terre : .-B.t.u 


(54) Heat units consumed per hour by the engine alone, reckoned 
from temperature given in Line 29 (British Standard)....B.t.u 
INDICATOR DIAGRAMS 
Ist Cyl. 2d Cyl. 384 Cyl 
(55) Commercial cut-off in per cent of stroke... ...... 
(56) Initial pressure in lb. per sq. in. above 
rer rrr cer re ee eee 
(57) Back-pressure at mid-stroke above or be 
low atmosphere in Ib. per sq. in...... 
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(58) Mean effective pressure in lb. per sq. in... 
(59) Equivalent mean effective pressure in |b. 
per sq. in 
(a) Referred to first cylinder 
(b) Referred to second cylinder...... ...... ‘ican vee mie 
(c) Referred to third cylinder....... 
(60) Pressures and percentages used in comput 
ing the steam accounted for by the indi 
cator diagrams, measured to points on 
the expansion and compression curves: 
Pressure above zero in Ib. per sq. in: 
Cas TOOe COs ob 6 ieee cise cs 
Se See eC Ct ekawadeawede Guekik eeacak. “Sewubd 
(c) Near beginning of compression 
Percentage of stroke at points where 
pressures are measured : 
Se Bee CUR. ccuicauuedes 
[O> Fee BORN. 65k seu wecenecdae 
(f) Near beginning of compression 
(61) Aggregate m.e.p. in lb. per sq. in. referred 
to each cylinder given in heading.... 
(62) Mean back pressure above zero, Ib. per 
DE, Phin tees eessdeas Ke nretee eee easy 
(68) Steam accounted for in Ib, per indicated 
horsepower per hour: 
(a) Near cut-off........ 


(b) Near release..... (CME ARES ONES, wa awn 
(64) Ratio of expansion.............. ata , i a ila 
(65) Mean effective pressure of idea! dis igram (Appendix No, 28)... .1b. 


(66) Diagram factor (Appendix No. 28).... 


SPEED 
(67) Revolutions per minute... , , ni rey 
(68) Piston speed per minute.. . a ft 
(69) Variation of speed between no ad and full ae ‘ Te 


(70) Fluctuation of speed on suddenly changing from full load to no 
load, measured by the increase in the revolutions due to the 
ke wad awedwe aie bene oaneedew ales piel see are rey 

POWER 


(71) Indicated horsepower developed by main engine 


RG GURNEE v6.00 45 ecaese aawielé : “er * 
— ee eee eee nanees er ewe i.hep 
3d cylinder......... els See ial = i.li.p. 
ond oS haan Ca aes Ke de wae eee i.h.p 


(72) Brake horsepower aaa vis Be elas 
(73) Friction ih.p. by diagrams, no load on engine, computed for 
RUGS Gs ose osc ceeeaenes 


(74) Difference between Lines 71 and 72....... how 
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(75) Percentage of ilip. of main engine lost in friction per cent 
(76) Power developed | inries ee 


KCONOMY RESULTS 
(77) Heat units consumed per indicated horsepower per hou! 
(a) By engine and auxiliaries... . , : b.t.u 
() by engine alone : ‘ b.1 
(78) Heat units consumed per brake horsepower per hour 
(a) By engine and auxiliaries Lb. 
(b) By engine alone , , ben Lb. 


engine per hour, corre spondil y to idea 


(79) Heat units consumed 


temperature of feedwater given in Line 29, per indicated 
horsepower (British Standard)........ ‘ pe, 


(SU) Dry steam cousumed per i.h.p. per hou 


ee ee ee b 
(b) By main engin Mae a cies eee ee ee ee .lb 


(c) By auxiliaries + aeawiere ee ee Te ete . Ib. 


‘onsumed per brake h.p. per hour 





(S81) Dry steam « 
TO) See CIO RUE BORAT ois di vecciewcescessesenes Ib 
(Db) By Main engihe alone... ° ° seen ° : ‘ . ~ iD 
(c) By auxiliaries Ter Tree Terre ee Ib 
(S82) Percentage of steam used by main engine cylinders accounted 
for by indicator diag 
Ist Cyl 2d Cy od ¢ 
{ Nei ti 
Neal 
( R LTS 
(So) Thermal efliciency ratio for engine and auxiliaries 
1 d Ssepowt ent 
( i y | sepowel t 
(S4) Chet | efflicier » for engine a ( 
(a 1 d ( cent 
(b) Per brake ho po 5 ‘ ‘ ‘ per 
(85) Ratio of economy of engine to that of an ideal engine working 


with the Rankine cycle (Appendix No. 31) per cent 
Work Done rER Hear UNI 


(S86) k't.-lb. of net work per B.t.u. consumed by engine 1 auxiliaries 


(1,980,000 -- Line 7Sa)......... iaeies ated ae ; .ft.-lb 





1 These are not included in the wer developed by the main engine 
The h.; n which the ecor ind efficien results are based are those tl nh engit 

given in Line 71 

Nott Both the Short For 1 ¢ ete Form here given refer t 
general se 

For at lrivi I ild be enlarged t 
data, er ‘ g acl ise er of 

yf watt irs, avera pow t and the results base t ‘ t 
embracing the heat ur 4 b.p. per | lj \ s 
with the efficienc ol the generator See table for Steam Turbine ( le, Part 6 

Likewise, in a nu engine hav a shaft dynamometer, the form sl Id include the data 





obtained from this instrument, in which case the brake h.p. becomes the shaft h.p 
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RULES FOR CONDUCTING TESTS OF STEAM TUR- 
BINES AND TURBO-GENERATORS 


1 OBJECT AND PREPARATIONS 
Determine the object, take the dimensions, note the physical 
conditions not only of the turbine but of the entire plant concerned, 
examine for leakages, install the testing appliances, etc., as pointed 
out in the general instructions given on pages 1689 to 1714 and pre- 
pare for the test accordingly. 


2 APPARATUS AND INSTRUMENTS 

The apparatus and instruments required for a simple performance 
test of a steam turbine or turbo-generator, in which the steam con- 
sumption is determined by feedwater measurement, are 

(vt) ‘Tanks and platform scales for weighing water, (or water meters 

calibrated in place) 

(b) Graduated seales attached to the water glasses of the boilers 

(c) Pressure gages, vacuum gages, and thermometers 

(d) A steam calorimeter 

(e) <A barometer 

(f) <A tachometer or other speed-measuring apparatus 

(g) <A friction brake or dynamometer 

(h) Volt meters, ammeters, wattmeters, and watt-hbour meters for the 


electrical measurements in the case of a turbo-generator 


Directions regarding the use and calibration of these appliances 
are given on pages 1691 to 1702, and on page 1713. 

The determination of the heat and steam consumption of a tur- 
bine or turbo-generator should conform to the same methods as 
those deseribed in the Steam Engine Code, page 1735. 

The steam consumed by steam-driven auxiliaries required for the 
operation of a turbine should be included in the total steam from 
which the heat consumption is calculated the same as in the case of 


the steam engine. 
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3 OPERATING CONDITIONS 


Determine what the operating conditions should be to conform to 
the object in view and see that they prevail throughout the trial. 
4 DURATION 
5 STARTING AND STOPPING 
6 RECORDS 
7 CALCULATION OF RESULTS 
The rules pertaining to the subjects Duration, Starting and 
Stopping, Records, and Calculation of Results, are identically the 
same as those given under the respective headings in the Steam 
Engine Code, pages 1733 to 1737 with the single exception of the 
matter relating to indicator diagrams and results computed there- 


from; and reference may be made to that code for the directions 
required in these particulars. 


8 DATA AND RESULTS 
The data and results should be reported in accordance with the 
form given herewith, adding lines for data not provided for, or omit- 
ting those not required, as may conform to the object in view: 


DATA AND RESULTS OF STEAM TURBINE OR TURBO-GENERATOR 
TESTS 


CODE OF 1912 


tiie. << fees .turbine located at....... 
rn re ee , conducted by 

(2) Type of turbine and class of service.. 

(3) Type of generator, kind of current, et 


(4) Rated power of turbine 


oe TC Dh 6 ox duanne*<o0s dened ecee ne vadrhs Cheeta ebekewenes 

(6) Kind and type of auxiliaries (air pumps, circulating pumps, feed 
pumps, CTC.) .....46-- wry ea os 

(7) Dimensious of turbine or turbo-generator 

Cy Re I I? de dart oay-ta a nde danse sees ct beneedes eeanreeu 

(9) Dimensions of auxiliaries ............... 10s eds besos ceees erences 

(10) Dimensions of condense! 

(11) Date 

Cae | SEO cc ain cee eeeie CE ee ee ot ae dhe cs ihr gate 


AVERAGE PRESSURES AND ‘TEMPERATURES 


Steam pipe pressure near throttle, by gage 
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(14) Steam chest pressure by gage...... eesvve . Ih). 
(15) Barometric pressure of atmosphere in Ib. per sq. in Ib 
(1¢) Vacuum in condenser: 
eT er in. 
(b) Corresponding absolute pressure. . a Ih 
(17) Exhaust chamber pressure (absolute) lb 
(1S) Temperature of main supply of feedwater to boilers ..-deg 
(19%) ‘Temperature of additional supplies of feedwater deg 
(20) Temperature of injection or circulating water entering con 
NS go die iy 5 ela aa aire aE He Bike a an ae Ca abe & lire Sd deg. 
(21) Temperature of injection or circulating water leaving ¢o1 
denser .. Peale te th aigie uated a Rana a aete aie ean a a wad .. deg. 


POTAL QUANTITIES 


(22) Water fed to boilers from main source of suppl) ikea Ib 
(23) Water fed from additional supplies.............. lb. 
(24) Total water fed to boilers from all sources.............. aki 
(25) Moisture in steam or superheating near throttle...... per cent or deg 


(26) Factor of correction for quality of steam, dry steam being unity 
(27) Total dry steam consumed for all purposes........... , bb 
HlouRLY QUANTITIES 


(2S) Water fed from main source of supply 


(29) Water fed from additional supplies...... 
(50) Total water fed to boilers per hour 
(51) Total dry steam consumed per hour. . b. 
(52) Loss of steam and water per hour due to drips from main stean 
ee eee Ib. 
(35) Net dry steam consumed per hour , ly 
(54) Dry steam consumed per hour 
(a) NE Si 8 Ad SIA as Se en Reker ehwe Deen e bebe nek wa Ib 
ne eee . Ib. 
(332) Injection or cirenlating wate supplied condeusers e) 
hour. - iia Peawiens ek eee Ta ree u. ff 
HEAT DATA 
(36) Heat units per pound of dry steam, based on temperature of 
Line 18... ‘ is . 13.1 
(37) Heat units per pound of dry steam, based on temperature of , 
Line 19... ; , ore B.t.u 
(5S) Heat units consumed per hour, main supply of feed B.t 
(59) Heat units consumed per hour, additional supplies of fee B.t 
(40) Total heat units consumed per hour for all purposes I3.t 
(41) Loss of heat per hour due to leakage of plant, drips, et: 13.1 
(42) Heat units consumed per hour: 
(a) By turbine and auxiliaries B.t.u 
(b) By turbine alone... ‘ Bit. 


(c) By auxiliaries : B.1 
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ELECTRICAL DATA 


(43) Average volts, each phase.............. ia pie as a ice . volts 
(44) Average amperes, each phase........ ' iaee aulperes 
(45) Average kilowatts, first meter...... re Pe ee ct PP 
(46) Average kilowatts, second meter.................... .. Kw. 
(47) Total kilowatt output............. “a er 
es ge: |): re ‘ 
(49) Ontput consumed by exciter....... , kW 
(50) Net kilowatt output....... ~heewn ooo 


SPEED 
(Si) MOveimtions DOr MINGUS... . 2. cc ccccwoacs. eee ..re\ 
(52) Variation of speed between no load and full load..... ia ee 
(53) Fluctuation of speed on suddenly changing from full load to no 
load, mensured by the increase in the revolutions due to the 
change .... , tex ieee rey. 
POWER 
(4) Brake horsepower s .-br.h.p 
(55) Electrical horsepower............... jee Lp 
ECONOMY RESULTS 
(56) Heat units consumed by turbine and auxiliaries per brake 
h.p.-hr. , B.t.u 
(57) Dry steam consumed per brake h.p.-hr. 


(a) By turbine and auxiliaries. ; _ 
(6) By turbine alone........... ; sc 
CC} Te DOI io kc vc cc huis , As = 
oS) Dry steam consumed per kw-li 
(a) By turbine and auxiliaries. . “~ . «lb. 
(db) sy turbine alone........... - ; Ib. 
{7 ge | re Ib 
KFFICIENCY RESULTS 
59) Thermal efficiency ratio per brake horsepower per cent 


(GO) Ratio of economy of turbine to that of an ideal turbine working with 
the Rankine cycle..... Pa wee we bee om ee ee 
WorK DONE Per Heat UNI 
61) Ft.-lb. of net work per B.t.u. consumed by turbine and auxiliaries 


(1,980,000 Eame 5G)... s , a ; , , ...ft-lb 
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RULES FOR CONDUCTING TESTS OF COMPLETE 
STEAM POWER PLANTS 


° 1 OBJECT AND PREPARATIONS 

These rules are intended to apply to commercial tests of a complete 
plant to determine the number of pounds of fuel consumed per unit 
of work done in a unit of time. For tests of the component parts of 
a complete plant, such as boilers, engines, turbines, etc., rules may 
be found in the respective Codes applying to such cases. 

Read the general instructions given on pages 1689 to 1704. 
Take the dimensions, note the physical conditions, examine for 
leakages, install the testing appliances, etc., as there pointed out, 
and prepare for the test accordingly. 


2 FUEL 
Determine the character of the fuel to be used according to the 
object in view. For further particulars reference may be made to 
the Boiler Code, page 1715. 


3 APPARATUS AND INSTRUMENTS 

The apparatus and instruments required for a simple performance 
test of a steam plant are 

(a) Platform scales for weighing coal and ashes 

(6) Coal calorimeter 

(c) Steam engine indicators 

(d) A tachometer or other speed-measuring apparatus 

(ec) Electrical instruments for determining the output of an electric plant 

Directions regarding the use and calibration of these appliances 
are given on pages 1691 to 1702. 

If the test involves the determination of boiler performance, and 
engine or turbine performances, additional instruments should be 
used as pointed out in the respective Codes referring to such tests. 


t{ OPERATING CONDITIONS 
Determine what the operating conditions should be to conform to 
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the object in view, and see that they prevail throughout the trial, 
as pointed out on page 1703. 


5 DURATION 


The duration of a plant test should be not less than one day of 24 
hours, and preferably a full week of seven days, including Sunday. 

In cases where the engine or turbine is in operation only a part of 
the day, the duration on which the results are computed, should be 
considered the length of time that the engine or turbine is in oper{- 
tion at its working speed. 


6 STARTING AND STOPPING 


In a plant operating continuously, day and night, the times fixed 
for starting and stopping should follow the regular periods of clean- 
ing the fires. The fires should be quickly cleaned and then burned 
low, say to a thickness of 4 in. When this condition is reached the 
time should be noted as the starting time, and the thickness of each 
coal bed observed, as also the water levels and the steam pressure. 
Fresh coal should then be fired from that weighed for the test, the 
ashpits thoroughly cleaned, and the regular work of the test pro- 
ceeded with. At the close of the test, following a regular cleaning, 
the fires should again be burned low, and when their condition has 
become the same as that observed at the beginning, the water levels 
and steam pressure also being the same, the time is observed and 
this time taken as the stopping time. If the water levels and steam 
pressure are not the same as at the beginning a suitable correction 
should be made by computation. The ashes and refuse are then 
hauled from the ashpits. 

In a plant running only a part of the day, and during the balance 
of the day the fires are banked, the time selected for the beginning 
and end of the test should be that following the close of the day’s 
run, when the fires have been burned low preparatory to clean- 
ing and banking. The amount of live coal left on the grates under 
these circumstances is estimated at the beginning of the test, and 
the fires brought to the same condition, as near as may be, at the 
close of the test the next day. If the two quantities differ, a suitable 
correction is made in the weight of coal fired, as found by calculation. 


7 RECORDS 


The general data should be recorded as pointed out in Part I, 
page 1703, under the head of Records. Half-hourly readings of the 
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various instruments concerned are usually suflicicnut, excepting wher« 
there are wide fluctuations. A set of indicator diagrams should be 
obtained at intervals of 20 minutes, and at more frequent intervals 
if the nature of the test makes it necessary. Mark on each card the 
cylinder and the end on which it was taken, also the time of the day. 
Record on one card of each set the readings of the pressure gages 
concerned, taken at the same time. These records should subse- 
quently be entered on the general log, together with the areas, pres- 
sures, lengths, etc., measured from the diagrams, when these are 
the worked up. 

Further directions may be found in Part I, page 1699, under 
the heading Indicators and in Appendix No. 18. 


8S SAMPLING AND DRYING COAI 
During the progress of the test the coal should be regularly sam- 
pled for the purpose of analysis and determination of moisture, in 
the manner pointed out in Part III, page 1712. 


9 ASHES AND REFUSE 
The ashes and refuse withdrawn from the furnace and ashpit dur- 
ing the progress of the test and at its close should be weighed in a 
dry state, and, if desired, a representative sample should be obtained 
for proximate analysis and the determination of the amount of un- 
burned carbon which it contains. 


10 CALORIFIC TESTS AND ANALYSES OF COAL 
The quality of the fuel should be determined by calorific tests and 
analysis of the representative sample above referred to. Directions 
for making these tests and analyses will be found in Part I under the 
headings Coal Calorimeters and Coal Analysis Apparatus, page 1697. 


li CALCULATION OF RESULTS 
The methods of calculating the indicated and electrical horse- 
powers are the same as explained in the Steam Engine Code, page 
1736. 
12 DATA AND RESULTS 


The data and results should be reported in accordance with the 


form given herewith, adding lines for data not provided for, or 


omitting those not required, us may contorm to the object in view. 
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DATA AND RESULTS OF COMPLETE STEAM POWER PLANT TEST 


here an independent superheater is used, this includes 


Test of plant located at.. 
to determine secccessse, CONGUCtEDd 
Type of engine or turbine and class of service. . 
Rated power of engine or turbine. . 
Type Of DOUGCTS....cccccece ‘ ere 
Kind and type of auxiliaries (air pump, circulating pump, and 
feed pump; jackets, heaters, etc.) 
Dimensions of engine or turbine 
Dimensions of boilers 
Dimensions of auxiliaries 
Dimensions of condenser 
Date 
Duration ee re 
Length of time engine or turbine 
open 
Length of 
Kind of coal 
Size of coal........ 


AVERAGE PRESSURES AND TEMPERATURES 
Steam pressure at boiler by gage...... 
Steam pipe pressure near throttle, by gage.... 
sJarometric pressure of atmosphere in in. of mercury 
Pressure in receiver by gage.. 
Vacuum in condenser 


Number of degrees of superheating, if any, near throttle 


Temperature of feedwater entering boilers. . 


Torar QUANTITIES, TIME, rc. 
Total coal as fired’.... 
Moisture in coal.... r cent 
Total dry coal cousumed sa a 


° per cent 
Calorific value by calorimeter test per lb. of dry coa rT 


Cost of coal per ton of .dollars 


HOURLY QUANTITIES 
Dry coal consumed per hour, based on duration of running 
period 
INDICATOR DIAGRAMS 
Mean effective pressure in lb. per sq. in.. 
ELECTRICAL DATA 
Total electrical output. . 


Electrical output per hour.... : ‘ wer. 


Output consumed by exciter _. kw. 


coal burned in the superheater. 





1756 


(35) 
(36) 
(37) 
(38) 


(39) 


(40) 
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Net electrical output per hour 

Average volts each phase a air aa 
Average amperes each phase amperes 
Power factor 


Revolutions per minute 
POWER 
Indicated horsepower developed by main engine 
First cylinder....... 
Second cylinder 


Whole engine. 


Net electrical horsepower 


KCONOMY RESULTS 
Dry coal consumed per i.h.p. per hour 
Dry coal consumed per kw-hr. 
Cost of coal per i.h.p. per hour 
Cost of coal per kw-hr. 
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RULES FOR CONDUCTING DUTY TRIALS OF STEAM 
PUMPING MACHINERY! 


1 OBJECT AND PREPARATIONS 

Read the general instructions given on pages 1689 to 1714. Deter- 
mine the object, take the dimensions, note the physical conditions 
not only of the pumping machinery but of all parts of the plant con 
cerned, examine for leakages, install the testing appliances, etc., as 
there pointed out, and prepare for the test accordingly. 

In a reciprocating pump, determine the quantity of water leakag: 
or slip past the plungers, and that of the pump valves, if any, as 
pointed out in Appendix No. 32. 


2 APPARATUS AND INSTRUMENTS 


The apparatus and instruments required for a simple duty trial 


of pumping machinery, in which the steam consumption is deter- 
mined by feedwater measurement, are: 


(a) Tanks and platform scales for weighing water (or water 
calibrated in place) 


meters 


(b) Graduated scales attached to the water glasses of the boilers 

(c) Pressure gages, vacuum gages, and thermometers 

(d) A steam calorimeter 

(e) <A barometer 

(f) A tachometer or other speed-measuring apparatus 

(g) For rotary pumps a weir or other means for measuring the quat 
tity of water pumped 


(h) Stroke scales, for direct-acting pumps 


In trials of a reciprocating pumping engine, involving the deter- 
mination of the complete performance, the weir or other means of 
measurement noted should be provided, and in addition the follow- 
ing: 

(i) Steam engine indicators 

(j) <A planimeter 


1 In the case of a pump driven by some other prime mover than a steam engine or stear 
I £ 


turbine, the code may be modified to suit the particular circumstances 
3 I 
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Directions regarding the use and calibration of these appliances 
are given on pages 1691 to 1702 and page 1713. 

The determination of the heat and steam consumption should 
conform to the same methods as those described in the Steam Engine 
Code, pages 1732 and 1733. 

The steam consumed by steam-driven auxiliaries which are re- 
quired in the operation of the pumping machinery should be included 
in the total steam from which the heat consumption is calculated, 
the same as noted in the Steam Engine Code. 


3 OPERATING CONDITIONS 

Determine what the operating conditions should be to conform to 
the object in view and see that they prevail throughout the trial, as 
pointed out on page 1703. 

In trials tor maximum duty, care should be taken that no air is 
snifted into the pump cylinders, causing imperfect filling. In such 
cases, and indeed in all cases where air is thus admitted in sufficient 
quantity to affect the performance as revealed by indicator diagrams 
from the water end, the result should be corrected accordingly. 


t DURATION 
5 STARTING AND STOPPING 
6 RECORDS 


The rules pertaining to the subjects Duration, Starting and Stop- 


ping, and Records, are identically the same as those given under the 
respective headings in the Steam Engine Code, pages 46, 47 and 48; 


and reference may be made to that code for the necessary directions 
in these particulars. Where the pump-end is of the reciprocating 
class, the indicator diagrams should be taken not only from the 
steam cylinders but also from the water cylinders. 


7 CALCULATION OF RESULTS 


The rules pertaining to Dry Steam, Heat Consumption, and In- 
dicated Horsepower, are identically the same as those given on pages 
1735 and 1736 of the Steam Engine Code; and reference may be 
made to that code for the necessary directions in these particulars. 

(a) Water Horsepowe) The water horsepower in a_ reciprocating 


pump is found by multiplying the net area of the plunger in sq. in 
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by the total head, which 


supe on 


is made up of the pressure shown by the 
the force main, that on the suction main, and that represent 
distance between the 


Ill. , 


ng the vertical 
expressed in Ib 


number of 


centers of the two 
the stroke in ft.; and the 
ininute; and dividing the final product 


gages, all 
per sq the length of 
Single strokes per 
by 33,000. 


ili 


) 
I 


a rotary pump the water horsepower is found by multiplyin 
Weight of water discharged per hour in Ib., as determi 

or other rement; by the total head 

» readings of the g: yn the force main, 

vertical d between the 


yr the 
leausu 


and the 


vages: 
pas ; 


LWo 
divided b) L.OSO.00O0 


Duty. 


phe auty 
ft-lb. of 





PUMPING MACHINERY CODE 


8 DATA AND RESULTS 


The data and results should be reported in accordance with the 
form given herewith, adding lines for data not provided for, or omit- 
ting those not required, as may conform to the object in view. 

In the case of a pumping engine of the reciprocating class for 
which a record of the complete performance is desired, the additional 
engine data and results given in the Complete Form of the Steam 
Engine Code may supplement those here given. 


DATA AND RESULTS OF DUTY TRIAL OF STEAM PUMPING 
MACHINERY 


CODE OF 1912 


est of , pump, located at 
to determine..... eecccesee, CONGUCted Dy.... 


Type of machinery... 


Rated capacity in gal. per 24 In 


of boiler..... 
Type of auxiliaries. 
Dimensions of engine or turbine 
Dimensions of pump. 
Dimensions of boilers 
Dimensions of auxiliaries 
Dimensions of condense 
Date 
Duration 
AVERAGE PRESSURES AND TEPERATURES 
Steam pressure at boiler by gage.. oi ...-lb. per sq 
Steam pipe pressure near throttle, by gage...... ...lb. per sq. i 
Barometric pressure of atinospbere in in. of mercury 
Pressure in receiver by gage.... ee eees . . . . per Sq. 
Vacuum in condenser in in, of mercury.. 
Pressure in force main by 
Pressure in suction main 
Vertical distance between centers of two gages 
otal head, expressed in Ib. pressure 
Potal head, expressed in ft P 
Temperature of main supply of feedwater to boilers 
fremperature of additional supplies of feedwater. 
Temperature of air in engine room 
TOTAL QUANTITIES 
(26 Water fed to boilers from main source of supply 
(27) Water fed from additional supplies.... 
(28) Total water fed to boilers from all sources. . 
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(29) 
(30) 
(31) 
(32) 
(33) 


(34) 


(35) 
(36) 
(37) 


(38) 


(48) 
(44) 
(45) 
(46) 


(47) 
(48) 
(49) 
(50) 


(ol) 
=* 
(oa) 
m2 
(oo) 


(54) 





REPORT OF POWER TEST COMMITTEI 


Moisture in steam or superheating near throttle...... per cent or dee 
Factor of correction for quality of steam, dry steam being unity.... 
Total dry steam consumed for all purposes... .. re 
Total leakage of plungers and valves........ sal. 
Total number of gallons of water discharged: 

(a) By plunger displacement, uncorrected.................. gal. 

(b) By plunger displacement, corrected for leakage.........gal 

(c) By weir or other measurement of discharge...... .gai 
Total weight of water discharged: 

(a) By plunger displacement, correctéd.............. . lb 

(db) $y measurement of discharge........ as iclls Sasa te os 

HOURLY QUANTITIES 

Water fed from main source of supply.... a eee Stes 
Water fed from additional supplies.... oh eT 
Total water fed to boilers per hour.. eae , Ib 
Total dry steam consumed per hour............ a ert. b. 
Loss of steam and water per hour due to drips from main steam 

pipes and to leakage of plant...... a pe ee , . lb. 
Net dry steam consumed per hour.. lb 
Dry steam consumed per hour: 

CO) Bey MMI CHIITIS OF CURING. 6 n nc ccceecccwcceccwes lb. 

Cae ee NII io ao. 3-o wig od mele aie hie de Kaew Bye Ib 
Water discharged per hour: 

(a) By plunger displacement, corrected..... lb 

(bd) By measurement of discharge....... lb 


HEAT DaTa 
Heat units per lb. of dry steam based on temperature, Line 23. .B.t.u 
Heat units per |b. of dry steam based on temperature, Line 24. .B.t.u 
Heat units consumed per hour based on main supply of feed. .B.t.u 
Heat units consumed per hour based on additional supplies of 


feed Re 5 ids tae B.t.u 
Total heat units consumed per hour for all purposes.. B.t.u 
Loss of heat per hour due to leakage of plant, drips, et B.t.u 
Net heat units consumed per hour B.t.u 
Heat units consumed per hour: 

(a) By engine or turbine alone....... .B.t.u 

ae ae eee .B.t.u. 

INDICATOR DIAGRAMS 
Mean effective pressure eee ey te ee — 
SPEED AND STROKI 
i er Pe Cia g aaa ene dedivans wane canree ke .. FeV 
Number of single strokes per minute . .strokes 
OE SE, et ee err ee ft 
POWER 
Indicated horsepower developed 

Ist cylinder. ; {hep 

2d eyvlinde , Lhep 


Pe ee CRIIMG,. sc ccccieseevenewesens veret JLbop 








(59) 


(60) 
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Water horsepower ; , errr 

Friction h.p. (Line 55—Line 56) rer 

Percentage of i.h.p. lost in friction , ...per cent 
Dery 

Duty per million heat units... err 

Duty per thousand |b. of steam ential a witha ea aa da ae Stee GE ft.-Ib. 


Work Done PER Heat UNI 
it.-lb. of work per B.t.u. (Line 59 — 1,000,000) .ft.-lb 
CAPACITY 
Number of gal. of water pumped in 24 hr 
(a) By plunger displacement, corrected for leakage .gal 
(b) LY Wal OF GEMEP BMICRBUTOIIGRE. 62. cc cvascnseess se ee 
Gallons of water per minute: 
(a) By plunger displacement, corrected for leakage gal 
(6b) By weir or other measurement..... risa’ a4 ‘+ <a 
ECONOMY RESULTS, STEAM END 


Heat units consumed per ih.p. per hom 


(a) By engine and auviliaries .B.t.u. 
(b) By engine alone ; ; .B.t.u. 
(c) By auxiliaries... stu 


Dry steam consumed per i.b.p. per hour: 


(a) $y engine and auxiliaries a te er . ID 
Ce Geer (GE IONE, cnc ce ows he eee taal Weel wees lb 
(c) By auxiliaries. TY Clare er er eT ere Jignieata ee 


1.p. on which the economy results are based is that of the main engine given in Line 54 
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CODE FOR COMPLETE PUMPING MACHINERY 
PLANTS 
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RULES FOR CONDUCTING TESTS OF COMPLETE 
STEAM PUMPING MACHINERY PLANTS 


1 OBJECT AND PREPARATIONS 


This code applies to a commercial test of a complete steam pump- 
ing machinery plant, having for an object the determination of the 
fuel cost of pumping a given quantity of water for a day’s run of 24 
hours. For tests of the component parts of the plant, rules may be 
found in the respective codes applying thereto. 

Read the general instructions given on pages 1689 to 1704. Take 
the dimensions, note the physical conditions, examine for leak- 
ages, install the testing appliances, etc., as there pointed out and 
prepare for the test accordingly. 

In a reciprocating pump, ascertain the quantity of water leakage 
or slip past the plungers, and that of the pump valves, if any, as 
pointed out in Appendix No. 32. 


2 FUEL 


Determine the character of the fuel to conform with the object 
in view. To obtain maximum economy or capacity, the fuel should 
be some kind of coal that is regarded as a standard, as noted in the 
Boiler Code, page 1715 


3 APPARATUS AND INSTRUMENTS 


The apparatus and instruments required for a simple performance 
test of a complete pumping machinery plant are 

(a) Platform scales for weighing coal and ashes 

(6b) <A coal calorimeter 

(c) <A tachometer or other speed measuring apparatus. 

(d@) <A pressure gage attached to the force main 

(e) -For rotary pumps, a weir or other means for measuring the quan 

tity of water pumped 
(f/) Stroke scales, for direct-acting pumps 


Directions regarding the use and calibration of these appliances 
may be found on pages 1691 to 1702. 
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If the test also involves the determination of boiler performance 
and pumping machinery performance, additional apparatus and in- 
struments are required, as pointed out in the respective codes refer- 
ring thereto. 


t OPERATING CONDITIONS 
Determine what the operating conditions should be to conform to 


the object in view, and see that they prevail throughout the trial, as 
explained on page 1703, Part I. 


5 DURATION 
The duration of a test of a complete pumping machinery plant 
should be not less than one day of 24 hours. 
In cases where the machinery is In ope ration only a part ol the 
calendar day, the coal consumption used in computing the results 
should be that of the entire 24 hours. 


6 MISCELLANEOUS 


The methods of starting and stopping a test of a complete pump- 
ing plant, sampling and drying coal, determining ashes and refuse, 
and ascertaining the calorific value and chemical analysis of the coal, 
are the same as those described in the Code for Complete Steam 
Power Plants, pages 1753 and 1754. 


7 CALCULATION OF RESULTS 
For the calculation of water horsepower, duty, capacity, and leak- 
age of pump, reference may be made to the explanations given on 
pages 1759 and 1760 of the Pumping Engine Code. 


8 RECORDS, DATA, AND RESULTS 
The records should be made as explained on page 1703, and the 
tabular summary of data and results reported in accordance with 
the form given herewith, adding lines not provided for, or omitting 
those not required. 
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DATA AND RESULTS OF TEST OF STEAM PUMPING MACHINERY 
PLANT 
CODE OF 1912 
Soe a ar ..plant located at 
to determine..... conducted by 

(2) Type of machinery 

(3) Rated capacity in gallons per 24 hrs 

(4) Type of boilers 

(5) Type of auxiliaries 

rr ee sealed kbatbas ee’ one cn dae ee aan’ 


(7) Dimensions of boilers 
a ON os oe Sis gS Aad aaah ae OS We eee e ele 
(9) Dimensions of condenser 
nr ie Surin Gangs tc de-P6S 50a be WER ee Oe eae 
ee ae gs ie oiire 7b by bube aa Wane a ie Sib es ene ; eh 
(12) Length of time machinery was in motion with throttle open....hr 
(13 Length of time machinery was running at normal speed .hr 
AVERAGE PRESSURES AND TEMPERATURES 
(14) Steam pressure at boiler by gage.. - . b. per sq. il 
(15) Pressure in force main by gage | 
(16) Pressure in suction main by gage in 
(17) Vertical distance between centers of two gages ft 
(18) ‘Total head expressed in Ib. pressure ly 
(19) Total head expressed in ft ft 
SPEED AND STRO 
(20) Revolutions per minute rey 
(21) Number of single strokes per minute strokes 
(22) Average length of stroke ft 
TOTAL (QUANTITIES 
(23) ‘Total coal as fired lb. 
(24) Moisture in coal : ‘ ae , : per cent 
(25) Total dry coal consumed es eee lb 
ee ee cre eee Ib 
(27) Percentage of ash and refuse to dr ) “ ent 
(28) Calorific value per |b. of dry coal by lorimeter tes .t.u 
(29) Cost of coal per to dollars 
(30) ‘Total leakage of plung and valves : ga 
(31) Total number of gals of water discharged 
(a) By plubnver displacement, uncorrected “ 
(b) By plunger displacement, corrected for leakage vrs) 
(c) By weir or other measurement . gal 
HOURLY QUANTITIES 
(32) Dry coal consumed per hour, based on duration of running 
period, (Line 25---Line 12).. lb 
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POWER 
of. a, ree 
ECONOMY RESULTS 
Dry coal consumed per water h.p. per hour 
Cost of coal per water h.p. per 


Duty per 100 Ib. of dry coal.. 


hour. 


CAPACITY 


Number of gal. of water pumped 


24 hi 
(a) By plunger displacement, corrected 
(hb) Bv weir or other measurement 
Number of gal. of water pumped per minute 
(a) By plunger displacement, corrected 


for leakage 
(b) By weir or other 


measurement 


for leakage.. 
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.cents 
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CODE FOR AIR MACHINERY 














RULES FOR CONDUCTING TESTS OF STEAM-DRIVEN 


COMPRESSORS, BLOWERS AND FANS! 


1 OBJECT AND PREPARATIONS 

2 APPARATUS AND INSTRUMENTS 
3 OPERATING CONDITIONS 

t DURATION 

5 STARTING AND STOPPING 


6 RECORDS 


The directions pertaining to the above divisions of the subject are 
almost identical with those given in the Pumping Machinery Cod: 
under the same headings, the only difference being that the work 
done by the steam end is expended in moving a volume of air, in- 
stead of a body of water. 

The quantity of air discharged should be measured by a gasometer, 
or by delivery into tanks of known capacity. Where these means 
are not available the pitot tube should be used, as described in Ap- 
pendix No. 6, or some other means should be employed which is sub- 
ject to calibration. 

If the air end is of the reciprocating type, indicator diagrams 
should be regularly taken from this end as well as from the steam end. 


7 CALCULATION, OF RESULTS 


The rules pertaining to dry steam, heat consumption, and indicated 
horsepower of the steam end, are identically the same as those given 
on pages 1735 and 1736 of the Steam Engine Code, and reference may 
be made to that code for the necessary directions in these particulars. 

(a) Air Horsepower. The gross work done at the air end of a recipro 
cating machine, expressed in horsepower, is found by multiplying to 
gether the net area of the air piston in sq. in. 
pressure in lb. per sq. in 


, the mean effective ali 
. as determined from indicator diagrams, the 
In the case of air machinery driver 


1 by some other prime mover than a st 


eam engine or tur- 
bine, the code may be modified to meet th« 


particular requirements 
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HINERY 


ength of the stroke in ft.. and the number of single strokes per min 
te; and dividing their product by 338,000 
The net work at the air end of either reciprocating or rotary 
es, expressed it Ih I s found by multiplying the 
orrected volume of the coi ressed air in cu. ft. discharged into the 
iin delivery pipe per minute, by the impact or total pressure in Ib 
per sq. ft. and by the hyperbolic logarithm of the ratio of the total 
pressure to the atmospheric pressure (all pressures being absolut 
pressures ) The net air horsepower i ound by dividing the prod 
ict by 33,000. The corrected volume o e compressed air may b 
ound by multiplving the st Lowa rea oft he deliverv mai in sq 11 
the meni ePlLocity ! el ute s determined Dy tot tu! 
the Hezs ( 7. ol o ( esult to mospheric ten 
ern re ne | e ropor ’ 
140 t 
10 ! 
n which ¢ is the temperature of the air supplied to the 7 ne aa 
/’ the temperature of the ait the delivery mail 
(b) Capacity The capacit s the number of cu. ft. of air discharged 
through the deliver 1 ! ‘ ininute, as determined by gasomete) 
tal or othe mle O neasuremelt educed to the equiy ilent free 
the atmospheric ‘ ‘ e and pressure Phe rrectior 
ia ; P 
pP 
~ ‘ ~ #1 ‘ ‘ SSTITT'¢ 
e ( re d ( 0 rr temperature 
Phe « so he ¢ essed i e number of cu. ft. 0 
<sed disc] oT e the 
sphere reduced to ‘ sphet ‘ ‘ re 
(C) Wiscellane For ‘ Mis of ulculating res S pertaining esp 
cla t the perfor ‘ the steam-end o 1 reciprocating ail 
pumping ching efere ‘ ‘ de to the Steam Engine Code 
ges 17355, 17: adoWwoT 
Phe efficiency of compress 1 reciprocating machine 1s 
determined by first ascertaining ( et work at the air end given 
ihove ler the heading (a) A Li ely el ad the dividing 
he net , hus found e oor \ vivel nder the same 
it id uid 
Ihe on nical eff ting re s dete 
. hed by dividing the ross ! Sepaowe it rend by the in 
ali ed horsepows Tie I ‘ 1d, « ) the horsepowet delivered 
Ly lw belt o1 ) ‘ ~ other ins of dri iW 


S DATA AND 


The data and results should be r 


RESULTS 


ported in accordance with the 


form given herewith, adding lines for data not provided for and 
omitting those not required, as may conform with the object in view. 
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In the ease of an air-pumping machine of the reciprocating class 
for which a record of the complete performance is desired, the addi- 
tional engine data and results given in the Complete Form of the 
Steam Engine Code may supplement those here given: 


(5) 
(6) 
(7) 
(S) 
(Y) 
(10) 
(11) 


(26) 
(27) 
(28) 
(29) 
(30) 
(31) 


*>e> 
(52) 


DATA AND RESULTS OF TEST OF AIR MACHINERY 


CODE OF 1912 


Test of.. ; ‘ located at. 


to determine conducted 


Type of machinery sai nt 

Rated capacity in cu. ft. of free air per minute eens 

Rated capacity in cu. ft. of air discharged per minute at 100 II 
per sq. in. above atmosphere, reduced to the atmospheric ten 
perature 

Type of boilers 

Type of auxiliaries eae aad 

Dimensions of engine or turbine at steam end 

Dimensions of cylinders or blowers at air end 

Dimensions of boilers 

Dimensions of auxiliaries 

Dimensions of condenser 

Date 


Duration 


AVERAGE PRESSURES AND TEMPERATURES 


Steam pressure at boiler by gage b. per sq. il 


Steam pipe pressure near throttle, by gage hb. per se 
Barometric pressure of atmosphere in in. of mercury 
Pressure in receiver by gage. - hb. per 


Vacuum in condenser in in, of mercury 


+ 
Pressure in delivery main by gage (impact pressure) } 
Total head, expressed in ft a , ‘a ft 
Temperature of main supply of feedwater to boilers deg 
Temperature of additional supplies of feedwater deg 
Temperature of air in engine room or air supplied to machine. .deg 
Temperature by wet-bulb thermometer .deg 
Temperature of air in delivery main deg 
ToraL QUANTITIES 

Water fed to boilers from main source of supply ’ . lb 
Water fed from additional supplies. . Ib. 
Total water fed to boilers from all sources ; ae 
Moisture in steam or superheating near throttle per cent or deg 
Factor of correction for quality of steam, dry steam being unity. 

Total dry steam consumed for all purposes ll 
Total cu. ft. of compressed air delivered as measured eu. ft 
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otal cu. ft. of compressed iir delivered reduced to atmospherk 
teluperature and pressure ly 


Total weight of air delivered , ; hom I 


HourRLY QUANTITIES 


Water fed from main source of supply by 
Water fed from additional supplies : ‘ lb 
Total water fed to boilers per hour : Ib. 
Total dry steam consumed per hour , ; h 


Loss of steam and water per hour due to drips from main steam 


pipes and to leakage of plant... pee oa AD 
Net dry steam consumed per hour 1) 
Dry steam consumed per hou 

(a) By main engine or turbine lb 

(b) By auxiliaries .. lb 
Cu. ft. of compressed air delivered per hour as meusured cu. ft 


Cu. ft. of compressed air delivered per hour reduced to atmo 
spheric temperature cu. ft 

Cu. ft. of compressed air delivered per hour reduced to atmospheric 
temperature and pressure ° cu. ft 


Weight of air delivered per how , Ib 


HEAT DATA 
Heat units per lb. of dry steam based on temperature Line 21. .B.t.u 
Heat units per lb. of dry steam based on temperature Line 22. .B.t.u 
Heat units consumed per hour based on main supply of feed B.t.u 


Hleat units consumed per hour based on additional supplies of 


feed . . B.teu 
Total heat units consumed per hour for all purposes.........B.t.u 
Loss of heat per hour due to leakage of plant, drips, et: B.t.u 
Net heat units consumed per hout B.t.u 
Heat units consumed per hou 

(a) By engine or turbine alone B.t.u 

(>) By auxiliaries B.t.u 


INDICATOR DIAGRAMS 
Mean effective pressure in steam cylinders Ib. 


Mean effective pressure in air cylinders ; Ib 


SPEED AND STROKI 


Revolutions per minute... : re\ 
Number of single strokes per minute strokes 


POWER 


Indicated horsepower developed at steam end of reciprocating 


machine a . .ihip 
Gross air horsepower as indicated in air cylinders of reciprocat 

ing machine a : air l.p 
Net air horsepower as computed from Line 43 air h.p 
Friction of reciprocating machine (Line 5s Line 50) fr. hip 


Percentage of Lp lost in frietion of miaehine per cent 
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PART XI 


LOCOMOTIVE CODES 














RULES FOR CONDUCTING TESTS OF LOCOMOTIVES 
CODE FOR SHOP TESTS 


INTRODUCTION 


Locomotive tests are of two leading kinds, shop tests and road 
tests. The former are made under conditions quite similar to those 
of a stationary testing plant in which the power is absorbed by 
brake The latter are made under conditions of service on the road 
the locomotive hauling a train of cars. Being a complete steam 
plant in itself, embracing boiler, engine, and certain auxiliaries, 
locomotive equipped rol shop test should be considered in 
same Class as a stationary plant, and the code of rules for such test 


are therefore similar to those given in Part VII 


OBJECT AND PREPARATIONS 


The leading object of a shop test, so far as covered by this cod 

the determination of the coal and steam consumption per unit ol 
power when the locomotive is operated under fixed conditions 
There are other less prominent objects, such as a determination of 
the performance of the engine alone under different conditions, or o 
the boiler running under various rates of combustion, but tests hay 
ing these objects are substantially covered by the Boiler and Engin 
Codes of Parts LV and VY, to which reference may be made. 

Note the general instructions given on pages 1689 to 1714 so far as 
they pertain to the work in hand. ‘Take the dimensions, note thi 
physical conditions, examine for leakages, install the testing appli- 
ances, etc., as there pointed out, and make preparations for the test 
accordingly. 

It is assumed that a testing plant is available where the driving 
wheels can be mounted upon friction brake apparatus for suitably 
disposing of and measuring the power given off, as further explained 
in Appendix No. 33. 
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Select the fuel required in accord 


view. If maximum efficiency or ea 


be some kind of coal that is regards 


where the test 1s mace as noted , 
L\PPARA S AN] 
Che app nd instrun ! 
motlve are 
a I’ . . v 
( \ lorimeter 
| «| se le 
} ice) 
ig ! 
|’ ros 
\ ete 
Ste eng ( | 
\ ele 
\ ‘ othe 
I 
1 en off 
\« ‘ 
1) eCclIOnNS regarding the ! Ist 
lool to 1702, page 1713, and Apy 


5 OPERATING 


} 


CONDITIONS 


Determine what the operating conditions 
should be as explained on page 1703 and se 
throughout the trial 

6 DURATION 

The duration of a simple shop test 0 ocomoti 

what upon the rate of combustion, but it should n 


] 


hours. In any case it should conti 
have been burned on each square tf 

On account ol liability ot error i 
mount of coal in the furn 


single test should not be relied up 


nue until at | 
OU OF grate 


1 estimating the 


beginning and end 


mm hut repr ited 


made under the required conditions and the resul 


see SECTION 14, Page 1781, for live 


4 
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the locality 


page 1715 


aepends some 


i@SS than tw 











1780 REPORT OF POWER TEST COMMITTEE 


7 STARTING AND STOPPING 

Set the engine to work with a comparatively light load at the 
normal speed. Burn the fire down as low as practicable and clean 
it of ashes and clinkers by rocking the grate, afterwards hauling the 
ash-pan. Note the average thickness of the firebed, quickly observe 
the steam pressure, water level, and time, and record the latter as 
the starting time. Immediately fire with weighed coal and increase 
the load as fast as may be to the working point, meanwhile establish- 
ing the furnace conditions determined on. Then proceed with the 
regular work of the test. 

When the end of the test approaches, again burn down and clean 
the fire, meanwhile reducing the load as may be needed to prevent 
undue force of draft. As soon as the firebed reaches the condition 
observed at the start, immediately take the steam pressure, water 
level, and time, and record the latter as the stopping time. Finally 
haul the ashes and refuse from the ash-pan and remove the cinders 
from the smoke-box. If the firebed or water level at the end differs 
from that observed at the beginning, a correction is applied accord- 
ingly. 

8S RECORDS 


The general data should be recorded as pointed out in Part I, 
page 1703. Readings of the instruments concerned and a set of in- 
dicator diagrams should be obtained every ten minutes. A suitabl 
number of additional diagrams should be taken during the opera- 
tions of starting and stopping to obtain the average load for thes« 
short periods. Directions on the subject of indicating may be found 
on pages 1699 and 1736 and in Appendix No. 18. 


9 SAMPLING AND DRYING COAL 


During the progress of the trial the coal should be regularly sam- 
pled and its moisture determined in the manner pointed out on 
page 1712. 

10 ASHES AND REFUSE 


The ashes and refuse withdrawn from the ash-pan and smoke-box 
should be weighed in a dry state, and sampl s should be taken and 
analyzed if desired for unburned carbon. 


11 CALORIFIC TESTS OF COAL 


The quality of the coal should be determined by a calorimeter 
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test of the sample above referred to. Methods of making this test 
are described on page 1698 and in Appendix No. 12. 


12 CALCULATION OF RESULTS 
For methods of calculating the results, reference may be made to 
page 1722 of the Boiler Code and page 1735 of the Engine Code. 


13 DATA AND RESULTS 
The data and results should be reported in accordance with the 
form given herewith, adding lines for data not provided for, or 
omitting those not required, as may conform to the object. 


14 TESTS WITH OIL FUEL 
When oil fuel is used the rules governing the tests may be modified 
to conform to the characteristics of liquid fuel. The “flying’’ method 
of starting and stopping may be employed, and the duration reduced. 


TABLE 1 DATA AND RESULTS OF SHOP-TEST 


CODE OF 1912 


{1 ’ Test of... . ocomotive at 
to determine....... . conducted by 
(2) Type of locomotive..... 
(5) Type of auxiliaries 
(4) Dimensions of cylinder 
>) Dimensions of boiler: 
(a) Grate surface 
(b) Water-heating surface 
(c) Superheating surface 
() Dimensions of auxiliaries 
(7) Diameter of exhaust nozzles 
(S) Date 


(o) Duration =e hi 


AVERAGE PRESSURES AND TEMPERATURES 


( 14>) Steam pressure in boiler by gage.. ‘ Ib 
(11) Steam chest pressure...... inks van Ib. 
(12) Temperature of feedwater........... deg 
(13) Temperature of smoke-box.... ne dey 


(14) Force of draft in smoke-box.... 
(15) Foree of draft in furnace 








(16) 
(17) 
(18) 


(19) 


(38) 
(39) 


(40) 


(41) 
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LOTAL ¢ 


lotal coal as fired 


Moisture in coa 


] 


Total dry coa 


Ash, cinders, and refuse 


(a) From ash-pai 

(b) From smoke-box 

tc) otal 
Percentage of as cinders 
Percentage ot asb by HulVSIS 
fotal combustible consumed ¢ 
(‘ulorifie value pe of «a 
rotal weight of water fed 
Percentage ol HOST ii'¢ IT STei 


heat 


lotal water evaporated 


iporation 
Ilourry 
Drs 
Drv co: 
Water 


| per hour per s ft 


evapor: ted Del 


qu nient evaporation per | 
Mquivalent evaporatio e] 
0 vate ‘ , 
| 
Mean effective pressure i} 
(a) First ‘vilndel 
) Second « ly 
Back pressure nid-stroke 
(a) First cylinder 
(hh) Seeond ey ale 
Nd | 
Revo ntious pel minute 
Corresponding miles pet our 


Horsepo #] 


Indicated 


(a) First cvlinde 
(nh) Second evlinds 
(c) Whole engine 


Pull 
Dynamometer horsepowet! 


on drawbar. 


3rake 


horsepowel 


Dry coal per i ] ° 


how 


Drv coal per dvnamometer | 


I 


ht 


LNTITI 


from 


and iat 


COMMITT!I 


LD) 





ads 
Lt 
h 
1.0).] 
lt 
dvn.h.} 
rh 
bh 
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(45) Dry steam per ilwp. per hour Ib 
(44) Dry steam per dynamometer h.p. hom Ib 
LOILER VERFORMANC! 


(45) Water evaporated per |b. of dry coa 


(46) Equivalent evaporation from and at 212 deg. per lb. of dry coal I 
17) Equivalent evaporation from and at 212 deg. per lb. of combus 
tible 
(4S bfiiciency of boiler, fun e and grate er celt 


CODKL FOR ROAD TESTS 


| OBJECT AND PREPARATIONS 

The leading object of a road test as covered Dy this code is the 
determination of the coal and steam consumption of a locomotive 
per unit of power under the practical conditions of railroad service. 
The preparations for a road test are the same as those noted for the 
shop test, except for restrictions imposed by the regular operation 
of the locomotive, and in addition those required for data to be 
obtained on the road. See Appendix No. 34. 

It is assumed that a dynamometer car is available for registering 
the amount of pull on the drawbar, in the manner referred to in 
\ppendix No. 20. 

To facilitate the work of the men who operate the indicators and 
read the instruments at the front end of the locomotive, as also to 
protect them from wind and rain and jolting of the locomotive, the 
smoke-box should be surrounded with a suitable housing or pilot- 
box extending back to the cylinders. 


2 FUEL! 


Select the fuel required in accordance with the special object in 
view. If maximum efficiency or capacity is desired, the fuel should 
be some kind of coal that is regarded as a standard for the locality 
where the test is made, as noted in the Boiler Code, page 1715 


3 APPARATUS AND INSTRUMENTS 
The apparatus and instruments required for a road test of a loco- 
motive are: 


See Section 14, Page 1781, in Code for Shop Tests for memoranda relating 
to oil fuel. 
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(a) Platform scales for weighing coal and ashes located at the ter- 

minals, the coal being weighed preferably into sacks duly marked 

(b) <A coal calorimeter 

(c) A water meter suitably calibrated for measuring the feedwater 

consumption 

(d) A graduated scale attached to the water glass, and one or more 

water glasses with suitable scales attached to the water tank of the 
tender 

(e Suitable levels or plumb-lines to show the inclination of the boile 

and tender 

(f) Pressure gages, draft gages, and thermometers 

(g) Asteam calorimeter 

(h) Steam engine indicators 

(4) A planimeter 

(j) <A tachometer or other speed-measuring apparatus 

(k) A dynamometer car for determining the pull on the drawbar 

Directions for their use and calibration are given on pages 1691 to 
1702, pages 1713 and 1714, and in Appendix No. 34. 

The steam used for auxiliary purposes other than the main engine, 
embracing air pump, blower, calorimeter, whistle, that escaping at 
the safety valve, etc., may be estimated from data obtained by testing 
them one by one either before or after the main trial, using the 
water-glass method described in Appendix No. 3. 


t OPERATING CONDITIONS 


In a road test the operating conditions are those pertaining to the 
regular service on the railroad, embracing principally the usual stops 
at stations, the usual speeds, and other conditions required for 
making schedule time, including those pertaining to the methods of 
firing, manipulation of the throttle valve, reverse lever, ete. If it is 
desired to make the test under other conditions, these should all be 
determined and maintained accordingly. 


5 DURATION 


The duration of a road test depends upon the length of the route 
between terminals. In fast passenger service the route should, if 


practicable, be at least 100 miles long. In service requiring frequent 


stops and in freight service the distance may be much shorter. 

The length of time upon which the hourly rates of combustion and 
evaporation are based is the total time that the throttle valve is 
open, and not the elapsed time between the so-called starting and 
stopping times. 
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6 STARTING AND STOPPING 


The fire having been thoroughly cleaned and the ashes and refuse 
removed from the ash-pan and smoke-box, burn down the fire as low 
as practicable just before the locomotive leaves the round house, 
note its average thickness, the steam pressure, the water levels, the 
reading of the meter, and the time, and consider the latter the start- 
ing time. Thereafter cover the fire with weighed coal and proceed 
with the regular work of the test. The water data should be taken 
just before the train starts. 

As the end of the route is approached, let the fire burn down to 
such an extent as to leave, as nearly as practicable, after cleaning, 
the same amount of live coal on the grate as that observed at the 
start. On reaching the terminal take the pressure, the water levels, 
the meter reading, and the time, and consider the latter the stopping 
time. Then clean the fire, and if its thickness differs from that ob- 
served at the start, make a correction in the weight of coal fired 
accordingly. Likewise, correct for any difference in the water levels. 
Finally haul the ashes and refuse from the ash-pan and remove the 
cinders and ash from the smoke-box. 


7 RECORDS 


The data should be recorded in the general manner pointed out 
on page 1703, bearing in mind the extremely fluctuating character of 
the load which often obtains, and the great variations in the class of 
service, whether passenger or freight. Readings of the instruments 
concerned, so far as they can be observed when the locomotive and 
train are in motion, should be taken every five minutes. Indicator 
diagrams should be obtained one after another as fast as possible, 
say a set every two minutes; and at the same time the corresponding 
pressure, position of throttle valve and reverse lever, speed, and 
force of draft should be observed. The intervals of time here given 
may be lengthened when the service is such that the conditions are 
substantially uniform. Special readings of the meter, water levels 
and total number of sacks of coal fired should be taken at each 
stopping place. Careful observations should be made throughout 
the trial of the time of passing each mile-post, the time that the 
throttle valve is opened and closed, not only at each stop but also 
when it is necessary to shut off steam on down grades, and the time 
of arriving and leaving each station; also the length of time the 


safety valve, whistle, blower, train heating system, lighting system 
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and other steam using apparatus are m operatlo \ recor 
should be taken of the water levels before and after ss oping wiatel 
from track tanks the injector being stopped, and of the number of 


injector applications and water wasted 


S SAMPLING AND DRYING COAI 


While the coal is being weighed into the sacks or otnerwise weiely 


t should be systematically sampled ind its moisture determined 


the mannet pointed out on page 1712 


) \SHES AND REFUSI 


The ashes and refuse taken from the Sh-pan and smoke-Do UW! 
close ol the test should ry welghed in ary state ina SuUMpie 
analyzed if desired for unburned carbon 

lO CALORIFI TESTS OF COAT 

The quality of the coal should be determined by a calorimeter test 
of the sample above referred to. Methods of making this test ar 
deseribed Ooh pae LOO ma ] \pre rei NO |? 

ll CALCULATION OF RESULTS 

Kor methods of ealeul iting the principal re ilt relerence mm re 

made to page 1722 of the Boiler Code and page 1735 of the Engine 


( ‘ode. 


To determine the average drawbar pull. the dynamometer record 


should be averaged either by the use of a planimeter or | 


Vv direct 


measurement at a sufhcient number of points to give an equivalent 


result. 
The maximum pull should be measured at the point of the recon 
which shows the highest sustained pull and not t the highest 


point which happens to be reached by the momentary fling of the 


marking pen. 


12 DATA AND RESULTS 










The data and results should be reported in accordance with thé 
form given herewith, adding lines for data not proy ided for, o1 omit 


ting those not required, as may conform to the object 
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DATA ANT RESULTS Ol 


ROAD-TES'I 
CODE OF 1912 


OCcOIBOTLVe OU 


rub bie conducted by 


ocomotive 


nemaing 

daVhamometer ¢ I 

uding dynamometer cat 
ctite 


. lille 
‘ Xpressed ..ton-mile 
expressed | ‘ ii 


ton-miles 
imme between 


hi 


(elapsed stopping 


psed Lime mel 


‘ssure in 
ehest pressure 


0 reed 


SRE LE 


ve position level 


ge number of of air pump per minute 


PoOTAL QUANTITIES 


fotal coal as fired 


Moisture in coal 


otal dri } 


Ash ‘ ders med retu 


Imé 
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i ON Ss ee aR Rae Ra eR eee PERO Mee SCN lb. 
a oe leg as Bie a eCia awe RO RE Ae ae lb. 
ag ne eee ee eee eee ee ee Ib 
(35) Percentage of ash, cinders, and refuse to dry coal.... .per cent 
(39) Percentage of ash, by analysis.... .per cent 
(40) Total combustible consumed (Line 36-——Line 37). , 
(41) Calorific value per lb. of dry coal by calorimeter test B.t.u 
(42) Total weight of water fed.. Rho «ont eae ee ea lb 
(43) Percentage of moisture in steam or number of degrees of super 
eter a ete teas Ie A aero OL wae Sisto ..-per cent. or deg. 
(44) Total water evaporated corrected for moisture or superheat 
el re ; or, Paosiihinhsh dk mek Ghee Zura athe eer 
(45) Estimated weight of steam used by air pump, blower, calorim 
eter, whistle, that escaping at the safety valve, etc.. re 






(46) Percentage borne by steam used for auxiliary purposes named 







in Line 45 to total output per cent 





HOURLY QUANTITIES 


< 









Dry coal per hour (Line 56 —- Line 20)..... ' ; Ib 
(48) Dry coal per hour per sq. ft. of grate.. = ies ae 
(49) Water evaporated per hour (Line 44 Line 20).. + b 


(50) Equivalent evaporation per hour from and at 212 deg.. 
(51) Equivalent evaporation per hour from and at 212 deg. per 
of water heating surface koe ad ay yee va 
(52) Dry steam consumed by engine alone per hour (Line 44 
Line 45) 











INDICATOR DIAGRAMS 
(53) Mean effective pressure in Ib. per sq. in 
(a) First cylinder 


(hb) Second cylinder 





(54) Back pressure at mid-stroke 





(a) First cylinder 


(b) Second cylinder 






SPEED 






Revolutions per minute 











rey 
(56) Average speed in miles per hou . miles 
(57) Maximum speed in miles per hour miles 
POWER 

(OS) Indicated horsepower 
(a) First cylinder ip 
(6b) Second cylinder i.h.p 
(c) Whole engine ; tea i.tb.p 
(59) Average drawbar pull... Ib. 
(60) Maximum drawbar pull Ib 
(61) Dynamometer horsepower -dyn.h.p 





ECONOMY RESULTS 







(62) Dry coal consumed per i.h.p. per hour 


Dry coal consumed per dynamometer h.p. per hour. . 
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Dry steam per i.h.p. per hour.. vs 

Dry steam per dynamometer per h.p.-hr.... ; — 

Dry coal consumed per ton mile, train load and total load 
BoILeR PERFORMANCE 

Water evaporated per Ib. of dry coal. 

Equivalent evaporation from and at 212 deg 

Equivalent evaporation from and at 212 deg. per Ib. of com 


hustible ; - 


Efficiency, based on dry coal 5 wie lace ds Ghee 
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GAS PRODUCER CODE 














RULES FOR CONDUCTING TESTS OF GAS PRODUCER® 
1 OBJECT AND PREPARATIONS 


Determine the object, take the dimensions, note the physical con- 
dition of the producer and its appurtenances, install the testing 
appliances, etc., as pointed out in the general instructions given on 
pages 1689, 1690, 1691, 1702 and 1703, and make preparations fo1 
the test accordingly. 

2 FUEL 


1 


Determine the character o 


the fuel to be used If an untried fuel 
is selected and a test-producer is available, make a preliminary trial 
of the fuel in this apparatus and ascertain its working characteristics 
and the proper methods of handling it. 

In tests of maximum « ficiency and capacity of a pre ducer for com 
parison with other producers, the fuel should be some kind of coal 
which is commercially regarded as a standard for such use in the 
locality where the test is made. The coal selected for such tests 
should be the best of its class and free from unusual slag-forming 
impurities. 

The size of the coal should be determined by screening a sampl 
using the screens referred to on page 1692, or in Appendix No 


‘. 


3 APPARATUS AND INSTRUMENTS 


The apparatus and instruments required for producer tests aré 


(a) Platform scales r weig ¢ coal and ashe 
(b) { coal calorime 
(c) A gas calorimete 
(d) Gas analyzing apparatus and pliances for det ning tal d 
SOOT 
Chis code is primarily intended for producers using coal If as 
is burned, the rules may be modified a rding 


1792 
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(e) A gas meter, pitot tube, or other suitable apparatus for measuring 
the gas output 

(f) <A manometer or pressure gage 

(g) Water meters for measuring feed and scrubber water. and steam 
meters for measuring steam used by the apparatus 

(h) Thermometers 


Full directions regarding the use and calibration of the above 
noted appliances are given on pages 1691 to 1702, and ‘n various 
appendices there referred to. 

The location of the pitot tube, if used, should be in the delivery 
pipe at a point near the producer or just bevond the scrubber, or 


at both points, according to the use made of the gas, either for 
fuel or power, and other requirements. 


4 OPERATING CONDITIONS 
Determine what the operating conditions should be to conform to 
the object in view, as pointed out on page 1703, and see that they 
prevail throughout the trial. 


5 DURATION 

The duration of both efficiency and capacity tests of a producer, 
with the exceptions noted below, should be such that the total con- 
sumption of fuel is at least ten times the weight of the fuel contained 
in the producer when in normal operation, estimating this weight in 
the case of coal at 45 lb. per cu. ft. 

In cases like down-draft producers which require the fuel bed 
to be entirely removed and rebuilt at regular intervals, and in pro- 
ducers where a complete cleaning and renewal occurs before the total 
consumption above stipulated has been reached, the duration should 
be that of the regular commercial operating cycle, or the time elap- 
sing between two successive renewals of the fuel bed. 


6 STARTING AND STOPPING 
The conditions regarding the temperature of the producer and its 
contents, and the quantity and quality of the latter, should be as 
nearly as possible the same at the end as at the beginning of the trial. 
To secure the desired equality of conditions, the starting and stop- 
ping should occur at times of regular cleanings, and they should be 
preceded for a period of not less than 10 hours by the same regular 
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working conditions as those characterizing the test as a whol Lhe 
operations of starting and stopping should then be carried on as 
follows: 


(a) Up Draft Suction-Producers Remove the ash and clinkers fro) 
the grate and the lower part of the furnace space, taking care that 
the crust or closely-united layer which supports the coal above is 
not unduly disturbed. Then break open the crust and allow the mass 
to drop into the space left vacant. Introduce a poker rod through the 


poke holes in the upper head and stir up the coal within, thereby 





causing it to settle and fill the remaining spaces As a final ste} 
quickly replenish the producer with coal, leaving the hopper level-full 
take the time, and consider this the starting time Then clean the 
ush-pit, and thereafter proceed with the regular work of the test 


using weighed coal 


When the time arrives for bringing the ti to a close he cleat 
ing operations described above are repeated, ending th filling the 
hopper, taking the time, and considering this the stopping if 


finally hauling the ashes and refuse from the ashpit 


(bh) Up-Draft Pressure Producers Remove the ashes until the 
of the ashbed is lowered to the normal worl ¢ point, Say six in 
above the blast-hood Introduce the poker-rod and bre aown al 
bridge or crust that may e formed, at the same y 
the channels that run through the fuel bed, thereby ma p e bed 
homogeneous. Then replenish the producer with coal. f the pper 
level-full, take the time, and consider this the starting tim rhe 
after proceed with the regular work of the test, using weighed 

When the time approaches for closing the test, the operatio ) 

described are repeated, ending with replenishing the produces 1 
filling the hopper with weighed coal, taking the time 1 considerit 
this the stopping time The ashes and refuse fi 1] re ved 
be dried before weighing, or a sample should be taker ad the sf 
ure, as determined therefrom llowed for 

(c) Down-Draft Pressure Producer Phoroughly clean the produce) 
its entire contents. Introduce a weighed supply of coke or co start 
the fire, and build up the fuel bed to its working conditio using 
weighed coal When this point is reached, take the time. and cor 
sider this the starting time Thereafter proceed wit the regul 


work of the test 

When the time approaches for closing the test, burn the fuel bed 
as low as practicable to prepare for cleaning. ston the exhauste1 
note the time, and consider this the stopping time. Then completely 
empty the producer, quench the fire remaining in the live coals. sey 
arate and weigh the coke and ash, and deduct the weight of the for 


as charged. Finally dry the ash and refuse 


mer from that of the col 


or take a sample and allow for the moisture determined therefro 
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RECORDS 

8 SAMPLING AND DRYING COAL 

9 ASHES AND REFUSE 

10 CALORIFIC TESTS AND ANALYSES OF COAL 

The directions pertaining to the above divisions of the subject are 

practically the same as those given under the corresponding headings 
in the Boiler Code, and reference may be made to pages 1720 and 
1721 of that code for these directions. 


11) CALORIFIC TESTS AND ANALYSES OF GAS OUTPUT 

The quality of the gas should be determined by calorific tests and 
analyses, continuous samples for this purpose being taken from the 
delivery pipe at a point near the producer and at other points as may 
be needed. 

The calorific test should be made with the Junker calorimeter, de- 
scribed in Appendix No. 13, or its equivalent. Unless otherwise 
required the “higher value”’ should be employed in calculating the 
results of the test. For an approximate determination of the com- 


position of the gas, the Orsat apparatus may be used, and for com- 
plete determinations, the Hempel apparatus or its equivalent. Both 


of the two named are described in Appendix No. 15. The frequency 
with which these determinations should be made depends on the 
uniformity of the output, but the intervals, where practicable, should 
not be more than one-half hour, the time taken for collecting each 
sample being not less than one-half hour. 


12 CALCULATION OF RESULTS 

(a) Total Volume of Gas Delivered. The volume of gas found by pitot 
tube measurement is determined by multiplying the area of the deliv 
ery pipe in sq. ft. at the tube by the velocity of the gas in ft. per 
minute, and the product by the duration of the trial in minutes 
The equivalent volume at atmospheric pressure (30 in. barometer) 
and temperature of 62 deg. fahr., is obtained by multiplying the abso 
lute pressure of the gas in Ib. per sq. in. (gage pressure plus 14.7) 
by the constant 35.3, and dividing the product by the absolute temper 
ature of the gas (temperature by thermometer plus 460 deg.). 


Net Volume of Gas Delivered. The net volume of gas delivered is 
found by subtracting from the total volume the equivalent volume 
of gas required for furnishing steam drawn from an outside source 
if any, or for furnishing power used for any purpose concerned in the 
operation of the producer and its auxiliaries 
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Weight of Gas. The weight of dry gas delivered is found by multi 
plying the volume in cu. ft., reduced to 62 deg. and 30 
Table 2, Line 21, by the weight 
Line 77. 


In., Ziven In 
per cu. ff. of gas given In Table 2 


The weight of the gas per cu. ft. is determined by multiplying tl 


percentage of each component 


gas as found by analysis 
55 to 63, Table 2) by 


(see Lines 
its weight in Ib. per cu. ft., at 62 deg. and 30 in 
as given in the following table, and dividing the sum of the products 
by 100. 


CO2 0.1116 
CoO. 
8] 


0.0736 
0.0842 


H 0.0053 


N 0.0740 


Voisture in Gas Leaving Producer The percentage 
the gas is found by passing a measured sample of the 
chloride of calcium tube and weighing the amou 
absorbed. 


Pe ree ntage oT 1 ar and Soot in Gas. rhe percel tage o nur and Soot 
is found by comparing the total 


weight determined, u r that 
collected from the various 


tar drips with the total 
fuel used. 


f dry 


Efficiency. The efficiency 


is the relation between 
of the gas per Ib. of fuel 


the calorific value 
charged, or combustible burned, and the 
calorific value of 1 lb. of fuel or combustible. The 
tained by multiplying the B.t.u. per cu. 


the calorimeter test (higher 


former is ascer 
ft. of gas as 


g determined by 
value) by the cu. ft. of gas delivered 
and dividing the product by the total weight of fuel 
bustible burned. 


charged or com 


The “ combustible burned ” 


is determined by subtr: 
weight of coal charged the 


cting from the 


moisture in the coal and the ash and 


coal which is withdrawn from the 
ducer or ash-pit during the progress of the trial] 


refuse, including unburned pro 


The “* combustible’ 
used for determining the calorific value is the weight o 


the moisture and ash found by 
The efficiency of 


f the coal less 
analysis 

‘conversion and cleaning” in the above calcula 
tion is found by using the total volume of gas delivered. The “effici 
ency of the plant” 


is found by using the net volume of gas delivered 


Heat Balance. The various quantities showing the distribution of 
heat in the heat balance given in Table 2, are computed in the fol 
lowing manner: 


The heat contained in the dry gas is found by multiplying the 
feet of gas at 62 deg. and 350 in. per Ib. of dry coal by the 
value of 1 cu. ft. of gas at 62 deg. and 30 in. (higher value) 


The heat carried away by the scrubber is obtained by 


cubic 
calorific 


vy multiplying 
the weight of water fed to the scrubber by the number of degrees rise 
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of temperature, and dividing the product by the total weight of dr) 
coal consumed. 

The heat coutained in the moisture leaving the producer is found 
by multiplying the total weight of dry gas by the proportion of moist 
ure in the gas leaving the producer and by the total heat of 1 Ib. of 
superheated steam at the temperature of the gas leaving the producer 
reckoned from the temperature of the air in the room, and dividing 
the product by the weight of dry coal consumed. 


13) DATA AND RESULTS 
The data and results should be reported in accordance with either 
the Short Form or Complete Form given herewith, adding lines for 
data not provided for or omitting those not required as may conform 
to the object in view. 
If a preliminary trial of the fuel is made in a test-producer, add to 
the table the general results obtained. 


14 CHART 
In trials having for an object the determination and exposition of 
the complete performance from beginning to end, the entire log of 
readings and data should be plotted on a chart and represented 
graphically. 


TABLE 1 DATA AND RESULTS OF GAS PRODUCER TEST 
SHORT FORM, CODE OF 1912 


Test of.... a producer located at 

to Getermime......cccccvcesecses CONGUCTeR by 
Type of producer.... waitin 
Rated capacity of producer. . 
Date 


Duration 


Kind of coal’ and where mined. . 
Size of coal 


AVERAGE PRESSURES, ‘TEMPERATURES, 
Steam pressure in vaporizer by gage.. 
Gas pressure in delivery main at where gas 
is measured years ey rr Te. 
Temperature of feedwater.. 


ther fuel than coal is used, the lines may be changed to read accordingly 
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(11) ‘Temperature of gas in delivery main near producer. . 





deg 


(12) Temperature of gas in delivery main at point where gas is 


measured ‘ 
(13) Force of blast or draft in ashpit 


TOTAL QUANTITIES 
(14) Weight of coal as charged.. 
(15) Percentage of moisture in coal.. 
(16) Total weight of dry coal consumed 
(17) Total ash and refuse 
(18) Percentage of ash and refuse in dry coal 
(19) Total cu. ft. of gas as measured 
(20) Equivalent cu. ft. of gas at 62 deg. and 30 in 


(21) Net cu. ft. of gas at 62 deg. and 30 in 
(22) Total water fed to vaporizer 
(23) Total water supplied to scrubber 
HOURLY QUANTITIES 
(24) Dry coal consumed per hour.. . 
(25) Dry coal per sq. ft. of main fuel bed per hour 
(26) Total cu. ft. of gas delivered per hour 
(27) Total cu. ft. of gas per hour at 62 deg. and 30 in 
(28) Net cn. ft. of 


gas per hour at 62 deg. and 30 in 


ECONOMY RESULTS 


(29) Total cu. ft. of gas delivered per Ib. of dry coal (Line 13 


Line 10).. ; : Shit : 
(30) Equivalent total gas at 62 deg. and 30 in. per Ib. of dry coal 
(31) Net cu, ft. of gas at 62 deg. and 30 in. per Ib. of dry coa 


(32) Net cu. ft. of gas at 62 deg. and 30 in. per lb. of combustible 


Me PrICIENCY 
(38) Calorific value of dry coal per Ib 
(34) Calorific value of combustible per Ib 
(35) Calorific value of gas per ecu. ft. (higher value) 
(36) Efficiency of producer based on coal 
(37) Efficiency of producer based on combustible 


Cost OF PRODUCTION 


(38) Cost of coal per ton of Ib. delivered 


deg 
in. 


lb 

per cent 
Ib 

iD 

per cent 
cu. ft 
cu. ft 


=) 


B.t.u 

B.t.u. 

B.t 
per cent 


. per cent 


dollars 


(39) Cost of coal required for producing 10,000 net cu. ft. of gas at 


62 deg. and 30 in. edi aeca ees 
(40) Cost of coal required for producing one million B.t.u. in 
a ee 


1 After deducting equivalent gas required for auxiliaries 


*If the efficiency is based on the “low value” of the heat units in the 
30 atated 


dolla rs 
the 


dollars 


gas the fact should he 








GAS PRODUCER CODE 1799 
TABLE 2 DATA AND RESULTS OF GAS PRODUCER TEST 
COMPLETE FORM, CODE OF 1912 
(1) Test of producer located af 


to determine ceondneted by 


DIMENSIONS 


(2) Outside diameter of producer ft. 
(3) Height of producer... ai , one 
(4) Inside diameter of producer ft 
(5) Diameter of grate.. wien ; ; a 
(6) Area of grate we ra eae . .8q. ft. 
(7) Percentage of air space in grate.. - , per cent 
(8) Area of fuel bed (at maximum diameter). , + 2 
(9) Area of water heating surface in vaporizer.. sq. ft 
(10) Rated capacity of producer in |b. of coal per hour a's | 
(11) Date 
(12) Duration hr 
(13) Kind of coal’ and where mined 
(14) Size of coal 
AVERAGE PRESSURES, TEMPERATURES, ET 
(15) Steam pressure in vaporizer by gage ' . ae 
(16) Gas pressure in main at point where gas is measured ...in. water 
(17) Force of blast or draft in ashpit..... si in. water 
(18) Barometric pressure............... , in. mer 
(19) Temperature of feedwater entering vaporizer deg 
(20) Temperature of gas in main near producer.. .deg 
(21) Temperature of gas in main at point where gas is measured . .deg 
(22) Temperature of air in room ; .deg 
(23) Temperature of water entering scrubber . deg 
(24 Temperature of water leaving scrubber ' deg 
(25) Weight of dry gas per cu. ft. reduced to 62 deg. and 30 in Ib 
TOTAL QUANTITIES 
(26) Weight of coal as fired.... . ‘ Ib. 
' (27) Percentage of moisture in coal per cent 
(28) Total weight of dry coal consumed ' oa 
(29) Total ash and refuse........ Ib 
(30) Percentage of ash and refuse in dry coal... per cent 
(31) Total number of cu. ft. of gas as measured cu. ft 
(32) Equivalent cu. ft. of gas at temperature of 62 deg. and pressure 
of atmosphere of 30 in.. , cu. ft 
(33) Net cu. ft. of gas at 62 deg. and 30 in.’ lb 
(34) Total weight of dry gas...... ; _ lb 


35) Percentage of moisture in gas leaving producer per cent 


1 If other fuel than coal is used the lines may be changed to read according! 
* After deducting equivalent gas required for auxiliaries 
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(36) Percentage of tar and soot in gas referred to total fuel .per cent 
(387) Total water fed to vaporizer....... oa a : Ib 
(38) Total water evaporated in vaporizer............. Ab 
(39) Total weight of steam supplied to producer................ ae 


(40) Total weight of water fed to serubber. 


HOURLY QUANTITIES 


(41) Dry coal consumed per hour.... , : ; ly 
(42) Dry coal consumed per hour per sq. ft. of grate.. lly 
(43) Dry coal consumed per hour per sq. ft. of main fuel bed lly 
(44) Total cu. ft. of gas delivered per hour (Line 20 Line 17) cu. ft 
(45) Total cu. ft. of gas per hour at 62 deg. and 30 in. cu. ft 
(46) Net cu. ft. of gas delivered per hour at €2 deg. and 30 in cu. ft 
(47) Weight of dry gas per hour.......... : 5s 
(48) Water fed per hour to vaporizer..... jenn iD 
(49) Water evaporated per hour in vaporizer 

(50) Steam supplied to producer per hour Ih) 
(51) Water fed to scrubber per hour..... , ‘ ; lly 


PROXIMATE ANALYSIS OF COAI 


(52) Fixed carbon........ eT Te eee per cent 
(538) Volatile matter...... iid ate OEY et ee per cent 
ee ee ras certian eas ig (a: Gia aw SU OE Ra Ne a aes ee per cent 
Oe. (ON cxwcaenceeawaeee ks is @ wate eae eer eee per cent 


(56) Sulphur. separately determined.................... per cent 





ULTIMATE ANALYSIS OF Dry Coal 


(57) Carbon (C) 


“ALU. CTE Ree Teaver CETLirTe © per cen 
(58) Hydrogen (H).... : A is sae ...per cent 
(59) Oxygen (QO). ; nee via ae .per cent 
(60) Nitrogen (N).... oi : .per cent 
(Gi) BURG (B)..06 6.08. Rig slswim Oh sk ode le ora e aka ..... per cent 
Ce? BR nc cece aah ‘ ' ; per cent 

100 pet cel 
(63) Moisture in sample of coal as received. . dishla per cent 


ANALYSIS oF ASH AND Rerus 


(64) Carbon 


Cece eceressevece ° eoee . per cent 
(65) Earthy matter Rees ( Rimwapwattad xe ‘a per cent ’ 
ANALYSIS OF GAS BY VOLUMI 
Ce I) CD. WC RO B's. 5 ve ine o acewwinl a a ee lebcmhwd ele wee wie .per cent 
(Gi) Serpe meOREEe FCO) once inc ieicccccsviase ote ecees bes ce Cl 
CUS) GEIR (EP). ccc esses. TTL ee COT CEE RTE ...-per cent 
Ph CM Maaco ease a4 aden tenes ase wi resccvcses Per Cont 
k,, ee UE 8 eee isedh a dasedaa ne lave in . per cent 
(71) Olefiant gas (C,H,)... cee. ee ee eee ee ere  . 
(72) SBuipher dioxide (BO,) . 2.6.0 cscs scence iO Assisi a ba wpa wwe ee 


Hydrogen sulphide (H,.S) 
Nitrogen (N by difference) 


TS TT eye Cre ere ...per cent 
reer per cent 


ne 





100 per cent 











(75) 


(76) 


(acy 


(7S) 


(NS 


(S4) 


(S5) 


(SO) 


(S7) 


(SS) 


(SO) 


(0) 


(91) 


(9. 


1 If the efficiency is based on the “‘low value” of the heat units in the 


state 


i 
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CALORIFIC VALUES BY CALORIMETER 


Calorific value of Gry coal pet 1D. 2. cccescccvccesccvecees ‘oe mdcl 

Calorific value of combustible per Ib........cccccccccccccccece B.t.u 

Calorific value of gas per cu. ft. at 62 deg. and 30 in. (higher 
value) 


ECONOMY RESULTS 


Total cu. ft. of gas as measured, per pound of dry coal con 
sumed Tr vere rer rer ere Te TT ST TE CET TLE ey Teer 
Equivalent cu. ft. of gas at 62 deg. and 30 in. per Ib. of dry coal.cu. ft 
Equivalent cu. ft. of gas at 62 deg. and 30 in. per Ib. of com 
bustible 
Net cu. ft. of 


Pikedkheaked ee nk Sete ehe aaee eee Trey eer eer rire Te mS 
gas nt 62 deg. and 30 in. per Ib. of dry coal.....cu. ft 
Net cu. ft. of gas at G2 deg. and 30 in. per Ib. of combustible. .cu. ft 


iP FICIENCY 
Etticiency of producer based on coal 
(a) Conversion and cleaning...... ‘ ; ‘ se .per cent 
ta. SP uae woman TT eter 
iefliciency of producer based on combustible 
(a) Conversion and cleaning... 


(b) Plant 


per cent 
co cceeseeses = coco per cent 
Cost oF PRODUCTION 


Cost of coal per ton of .... lb., delivered.... dollars 


Cost of coal required for producing 10,000 net cu. ft. of gas at 62 


deg. and 30 in ° ‘ : ; dollars 
Cost of coal for producing 1,000,000 B.t.u........ 5 ite iis a6. 


Tieng BALANCE BASED ON 1 Lae. or Dry ("OAI 


B.t.u Per cent 

Heat contained in dry gas........ 

Heat carried away by scrubber..... 
Heat contained in moisture leaving producer.... 

Heat unaccounted for, including radiation,—differ 

ence between the sum of Lines S88, S9, and 90 


OS ee 


Total calorific value of 1 lb. of dry coal, same as 


gas, the tact sh ild be so 
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GAS AND OIL ENGINE CODE 













RULES FOR CONDUCTING TESTS OF GAS AND OIL 
EKNGINES 













1 OBJECT AND PREPARATIONS 
Determine the object, take the dimensions, note the phy sical con- 
dition of the engine and its appurtenances, install the testing ap- 
pliances, etc., as explained in the general instructions given on pages 
1689, 1690, 1691, 1702 and 1703, and make preparations for the 
test accordingly. 


2 APPARATUS AND INSTRUMENTS 

The apparatus and instruments required for simple performance 
tests of gas and oil engines are: 

(a) ‘Tanks and platform scales for weighing oil 

(b) A calorimeter for determining the heat of combustion of o 

(c) A gas meter or other apparatus for measuring gas 

(d) <A gas calorimeter 

(e) Pressure gages and thermometers 

(f) Gas engine indicators 

(g) A planimeter 

(h) <A tachometer or other speed-measuring apparatus 
and in addition for the determination of the complete performance 

(i) Gas analyzing apparatus 

(7) A water meter for measuriug jacket wate 

(k) A friction brake or dynamometer 

Full directions regarding the use and calibration of these appli- 
ances are given on pages 1691 to 1702, and in various appendices 
there referred to. 

3 OPERATING CONDITIONS 

Determine what the operating conditions should be to conform to 
the object in view, and see that they prevail throughout the trial, 
as pointed out on page 1703, Part I. 


t DURATION 
The test of a gas or oil engine with substantially constant load 
should be continued for such time as may be necessary to obtain a 
1804 
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number of successive records covering periods of half an hour or less 
during which the results are found to be uniform. In such cases a 
duration of three to five hours is sufficient for all practical purposes. 


5 STARTING AND STOPPING 

The engine having been set to work under the prescribed cond'- 
tions and thoroughly heated (except in cases where the object is to 
obtain the performane¢e under working conditions), the test is begun 
at a certain predetermined time by commencing to weigh the oil, or 
measure the gas, as the case may be, and take other data concerned; 
after which the regular measurements and observations are carried 
forward until the end. When the stopping time arrives the test is 
closed by simply taking the final readings. 


6 RECORDS 
The general data should be taken and recorded in the same man- 
ner as that described in the Steam Engine Code, on page 1735, to 
which reference may be made. 


7 CALORIFIC TESTS AND ANALYSES 

The quality of the oil or gas should be determined by calorific 
tests and analyses made on representative samples. 

Directions for these tests or analyses are given on pages 1697 and 
1698 under the headings Coal Calorimeters, Gas Calorimeters, Coal 
Analysis Apparatus, and Gas Analysis Apparatus, and in Appen- 
dices Nos. 12, 13, 14, and 15 there referred to. 


8 CALCULATION OF RESULTS 
(a) Heat Consumption. The number of heat units consumed by the 
engine is found by multiplying the heat units per Ib. of oil or per cu 
ft. of gas (higher value), as determined by calorimeter test, by the 
total weight of oil in lb. or volume of gas in cu. ft 
the trial. 


- consumed during 


(b) Horsepower and Efficiency. The indicated horsepower, brake horse 

power, and efficiency are computed by the same methods as those 
explained in the Steam Engine Code, on page 1736, to which reference 
may be made. 


Heat Balance 


The various quantities showing the distribution of 
heat in the heat balance given in Table 2 are computed in the fol- 
lowing manner: 


The heat converted into work per il.p.-hr. (2545 B.t.u.) is found 
by dividing the work representing 1 h.p., or 1,980,000 ft-lb., per hour 


by the number of ft.-lb! representing 1 B.t.u., or 778. 
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li 


fhe heat rejected in the cooling water is obtained by multiply 
the weight of water supplied Ly the number of degrees rise of ten 
perature, and dividing the product by the indicated horsepowet 
The heat rejected in the dry exhaust gases per i.h.p.-hr. is found by 
the sensible 


multiplying the weight of these gases per i.h.p-hr. by 
heat of the gas reckoned from the temperature of the air in the 
room and by its specific heat. The weight of the dry gases per i.hL.p 
hr. may be found by multiplying the weight of dry gas per Ib. of car 
bon, using the formula 

11C00.+80+7(CO+N) 


3(CO CO) 
in which CO., CO, O, and N are expressed in percentages by volume 
by the proportion borne by the carbon in the total fuel, (either gas or 
oil), and by the weight of fuel per i.h.p-hr 

The heat lost in the moisture formed by the burning of hydroge 
in the gas is found by multiplying the total heat of 1 Ib. of super 
heated steam at the temperature of the gas, reckoning from the ten 
perature of the air in the room, by the proportion of the hydrogen i: 
the fuel as determined from the analysis, and multiplying the result 
by >». 

The heat lost through incomplete combustion is obtained by analyz 
ing the exhaust gases and computing the heat of the unburned pre 


ducts which would have heen produced by their combustior 


9 DATA AND RESULTS 


The data and results should be reported in accordance with eithe1 


the Short Form or Complete Form given herewith, adding lines for 


data 


not provided for, or omitting those not required, as may con- 


form to the object in view 


TABLE 1 DATA ANID RESULTS OF GAS OR OLL ENGINE TEST 


SHORT FORM, CODE OF 1912 


(1) Test of.. engine, located at 
to determine conducted by 

(2) Type and class of engine and number of cycles 

(3) Dimensions: 
(a) Single or double acting 
(b) Diameter of cylinders .. eld 
(c) Stroke of pistons . 
(d) Diameter of piston rods .in 
(e) Compression space or clearance . per cent 
(f) H.p. constant for 1 lb. m.e.p. and 1 r.p.m 

See note page 1744 for reference to engines driving electric generators and other 


machin 
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Rated CULPRECIEN 
Date 
(6) Duration 





(7) Kind of gas 


(S) Kind of oil 





(9) Physical properties of oil (specific gravity, burning point, and 
flashing point). . 
AVERAGE .PRESSURES AND TEMPERATURES 
(10) Pressure of gas near meter il. 
11) Barometric pressure ly 
(12) ‘Temperature of cooling wate 
(a) Inlet deg 
(b) Outlet ee deg 
(13) Temperature of gas near meter ile 


14) femperature of air 





15) Temperature of exhaust gases de 
TOTAL QUANTITIES 
1G) G or 0 consumed ft.-lh 
17) Cooling wate supplied to jackets Ih) 
IS) Calorific value of gas per cu. ft., or of oil per Ib., by calorimeter 
test ¢higher value) b.t.u 
HOURLY QUANTITIES 
19) Gas or oil consumed per hour ly 
4) Cooling water supplied to jackets per hou 
INDICATOR DIAGRAMS 
21) Maximum pressure Ih) 
22 ) Mean effective pressure 1} 
SPEED AND EXPLOSIONS 
23) Revolutions per minute rt 
24) Average number of explosions per minute 
POWER 
2) Indicated horsepower. . lwp 
(26) Brake horsepower rr br. lay 
27) Friction horsepower by difference Line 25 ne 26 fr. hey 
Ss) Friction horsepower by friction diagrams fr. hey 
29) Percentage of indicated horsepower lost in friction (Line 27) 
er Cel 
kcONOMY RESULTS 
0) ) 


} 
tOul 


Heat units consumed by engine per | 


(a) Per indicated horsepowe! B.t.1 
(b>) Per brake horsepower Bot. 
31) Pounds of oil or cubic feet of gas Consumed per hour 
(a) Ver indicated horsepower b-cu. ft 
(hy) er brake horsepowe! b-en. ft 
SAMPLE DIAGRAMS 
If these results in the case i gas engine are bas n the 
should be so stated 
OTE For an engine driving an electric generator rl av be . ole 


Ydata in the manner given in the Steam Turbine ( 
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TABLE 2 DATA AND RESULTS OF GAS OR OIL ENGINE TEST 


COMPLETE FORM, CODE OF 1912 


ti ae 3 See ooo QMO, FOCREOD BE. ince ccc cewccees 

SP CIR a asa eee ous b owen CORNCNEE OE v6 caccdiccvaresesesees 
(2) Type of engine, whether oil] Or ZaS......... cece eecceccvecvccees 
(3) Class of engine (mill, marine, motor for vehicle, pumping, or 


(5) Method of ignition. 
(6) Name of builders 


(7) Dimensions: 
(a) Class of cylinder, whether working or compressing 
(b) Vertical or horizontal... 


(c) i i CN oe oo eae a ase eae nee eee & eee 


ee ee ee ere re ee in. 
(e) Stroke of pistons ae fe Pe TT eee ft. 
(f) Diameter of piston rods..... ; = iioied Siena ae 
(g) Compression space or clearance. . ; 
(kh) H.p. constant for 1 Ib. m.e.p. and 1 r.p.m 
(S) Rated capacity 
a a el, eShop on teh nh lieak Grn RAE On We aetarae eel ve Wea 
ea a aa a= 5 ah aoc cs eves vie caw im dean. ao a ye <a 
(ii) Hind of oil.... sabaania td bestia: ktaiy take led are Térainreaee as sa cedar 
(12) Physical properties of oil (specific gravity, burning point, flash 
aN gag ca decades eigen BPR bane ra awe ee Ie eS ea nia we 
re 0 Se eva ao SPS tight a tee a BG alan ta A Ge aS wk es 
AVERAGE PRESSURES AND ‘TEMPERATURES 
(14) Tressure of gas near meter. in 
a ETS" NUNN rk son seh Sah geen gs! Wrse ed hla lta acal kV ww re in 
(16) Temperature of cooling water: 
(a) Inlet . deg. 
NII olincerte ec chains dsie oxi Sirdar a apn ah lg aa aces re 
(17) Temperature of gas near meter. deg. 
(1S) Temperature of air: 
(a) Ey Gry-DUlb thermometer. «i... cc cccccccccccccecceces deg. 
(b) ee MI Gs 5a Wa wdc a ewe bles wiki ewaean deg. 
(19) Temperature of exhaust gases.. deg. 
roraAL QUANTITIES 
ee OO rng 5 alee lara d Schr md ae aoe ew kw eke cu. ft.-lb 
ee I OR a ic eek Wa aes thnk ocala a ie ae woe cu. ft 
(22) Cooling water supplied to jackets...... shpat ah it GS de sa lio Sc lb 
(23) Calorific value of oil per lb., or of gas per cu. ft., by calorimeter 
ee Cr PG oc. daha tadee ea wee awh ws errr 
HOURLY QUANTITIES 
(24) Gas or oil consumed per hour.... .cu. ft-lb 


(25) Cooling water supplied per hour.. ee Tb. 











26) 


rs end 


Ow 


2y ) 


» 
oW) 


11) 


12 
1 
14 


an) 
17 


19 
a 8) 
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ANALYSIS OF OJ 
Carbon (CC). 
Hydrogen (H) 
Oxygen (QO)... 
Sulphur (S)... 
Moisture 


ANALYSIS OF GAS BY VOLUMI 
Carbon dioxide (CO,). 
Carbon monoxide (CO) 
Oxygen (0) 
Hydrogen (H) 
Marsh gus (CH,) 
Olefiant gas (C.H,) 
Sulphur dioxide (SO.) 
Hydrogen sulphide (IIS) 


Nitrogen (N by difference) 


INDICATOR DIAGRAMS 


LSO9 


. per cent 
-per cent 
per cent 
per cent 
per cent 


100 per cent 


per cent 
per cent 
per cent 
per cent 
per cent 
per cent 
per cent 
per cent 


per cent 


LOO per eent 


Pressure in lb. per sq. in. above atmosphers 
(a) Maximum pressure lb 
(6) Pressure at beginning of stroke lb. 
(c) Pressure at end of expansion Ib. 
(d) Exhaust pressure at lowest point lb 
Mean effective pressure in Ib. per sq. in Ib 
SPEED AND EXPLOSIONS 
MOVOIUTIONS POF MINUTE. 606i cc ccccccccccccscacececses rey 
Average humber of explosions per minute 
Variation of speed between no load and full load rey 
Fluctuation of speed on suddenly changing from full load to no 
load measured by the increase in the revolutions due to the 
change 
POWER 
Indicated horsepowet i.h.p 
Brake horsepower ‘ ' . br.b.p. 
Friction horsepower by difference (Line 46 Line 47) .fr. hep 
Friction horsepower by friction diagrams fr. h.p 
Percentage of indicated horsepower lost friction (Line 48). 


per cent 
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ICONOMY RESUL'! 


lleat units consumed by engine per lve 


(@) Per indicated horsepower B 

(4b) Per brake horsepower! : 1B. 
Pounds of oil or cubic feet of gas consumed per 

(a) Per indicated horsepowel 1} 1. ft 

(b) Per brake horsepower : h-cu,. f 


ME FFICIEN( 
Thermal efficiency ratio 





(a) Per indicated hors powel er cent 


(hb) le brake | Orsepowe I’ 


WorK Done Der H UNI' 


(54) Ft-lb. of net work per b.t.u. consumed (1,980,000 Line 51b ft-lb 
HkAT BALANCE BASED ON B.1.U. PEI llo 
! !’ Ce 

(55) Heat converted into worl 254. 
(56) Heat rejected in cooling wate 
(57) Heat rejected in the exhaust gases 
(58) Heat lost due to moisture formed by burning o 

hydrogen 
(59) Heat lost by incomplete combustion 
(60) Heat unaccounted for, including radiation 
(61) Total heat consumed per ih per hour. s 

Line 5la 

SAMPLE DIAGRAMS 
li these results, in tl f ngine, ar ised 


t should be so state 


NoTE 


‘ 





lata f ant Steg ( 
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RULES FOR CONDUCTING TESTS OF COMPLETE GAS 
POWER PLANTS 


1 OBJECT AND PREPARATIONS 


The usual object of testing a complete gas power plant, embracing 
producer, engine, and appurtenances, is the determination of its 
commercial performance, i. e., the number of lb. of fuel consumed 
per unit of work done in a unit of time, and the rules given in this 
code apply to tests having that object. For directions pertaining to 
tests of the producer and engine individually, reference may be 
made to the Producer and Gas Engine Codes, pages 1791 and 1803. 

Read the general instructions given on pages 1689, 1690, 1691, 
1702 and 1703, take the dimensions, note the physical conditions 
of the plant, install the testing appliances, et 


, as there explained 
and prepare for the test accordingly. 


2 FUEL 


Determine the character of the fuel to be used as pointed out in 
the Gas Producer Code, page 1791. 


3 APPARATUS AND INSTRUMENTS 


The apparatus and instruments required for a simple performance 
test of a gas power plant are: 

(a) Platform scales for weighing coal and ashes 

(b) <A coal calorimeter 

(c) Gas engine indicators 

(d) A tachometer or other speel muSULrih ne flisS 


(e) Wattmeters, in the case of an electric plant 


Directions regarding the use and calibration of these appliances 
are given on pages 1691 to 1702. 

If the test involves the determination of the individual performance 
of the producer and engine, additional instruments are required as 
pointed out in the Producer and Gas Engine Codes 


1812 
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t OPERATING CONDITIONS 
Determine what the operating conditions should be as explained 
on page 1703 and see that they prevail throughout the trial. 


5 DURATION 

The duration of a gas producer plant test should conform to that 
of the producer alone, rules pertaining to which may be found in the 
gas producer code. 

In cases where the engine is in operation only a part of the day, 
the hourly consumption of coal from which the economy results are 
computed should be the total coal burned in the producer divided 
by the number of hours that the engine is in operation at its working 
speed. 

6 STARTING AND STOPPING 

The rules for starting and stopping a complete plant test are gov- 
erned by those required for starting and stopping the test of the 
producer, which are those given in the Producer Code, page 1791. 


7 RECORDS 
8 SAMPLING AND DRYING COAL 
9 ASHES AND REFUSE 
10 CALORIFIC TESTS AND ANALYSES OF COAL 
11 CALCULATION OF RESULTS 
The directions pertaining to the above five divisions of the sub- 
ject are practically the same as those given under the corresponding 
headings in the Code for Complete Steam Power Plants, pages 
1753 and 1754. 
12 DATA AND RESULTS 
The data and results should be reported in accordance with the 


form given herewith, adding lines for data not provided for, or omit- 
ting those not required, as may conform to the object in view. 
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DATA 


(1) 


(3) 
(4) 


(6) 
(7) 
(8) 
(9) 


(10) 


(11) 
(12) 
(13) 
(14) 


(15) 
(16) 
(17) 
(18) 
(19) 
(20) 


(21) 


a) 
( 


rare 


23 ) 


or 
med} 


26) 


(28) 
(29) 
(30) 


Nore 
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AND RESULTS OF ‘TEST OF COMPLETE GAS POWER PLANT 


CODE OF 1912 


PG Gs wsineo.cddeze gas power plant a 


oe ee conducted by 
ype and dimensions of producers 


Rated capacity of producers 


Total area of main fuel bed at maximum ciamet 


Be 


— 
C‘vpe and dimensions of engine 
Rated power of engine 
Date 
Duration br 
Kind of coa 
Size of coal 

AVERAGE PRESSURES AND ‘TEMPERATURES 
Pressure of gas near throttl ilve i 
Barometric pressure it 
Temperature of cooling water leaving engine deg 
Temperature of air in room.. deg 

OTAL QUANTITIES 

Weight of coal as charged Ib 
Percentage of moisture i per 
Total weight of dry coal consumed b 
Total ash and refuse Ib 


Percentage of ash and refuse in dry coal 
Calorific value of 1 Ib. of dry coal by calori 


Cost of coal per ton of Ib 


Hour (JU ANT - 
Dry coal consumed per hou , , . 
Dry coal per sq. ft. of main fuel bed per hour. 


[INDICATOR DIAGRAMS 
Mean effective pressure in lb. per sq. in 

SPEED AND EXPLOSIONS 
tevolutions per minu 


Number of explosions per minute 
POWER 
Indicated horsepower developed by engine 
ECONOMY RESULTS 
Dry coal consumed per i.h.p. per hour 


Cost of coal per i.h.p. per hour 


meter tes B.t.u 


Ib 
dollars 


Heat units consumed per i.h.p. per hour (Line 20 x Line 28) B.t.u 


For an engine driving an electric generator, the form ma 


trical data in the manner given in the code for Complete Steam P: 


enlarged to include elec 


ver Plants, page 1755 
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RULES FOR CONDUCTING TESTS OF WATERWHEELS 
Ll INTRODUCTION 


Waterwheel tests may be divided into two classes, one of which 
may be termed “shop” tests and the other ‘“‘field” tests. The former 
refer to those which are conducted in a plant devoted exclusively to 
testing work, and the latter to tests of the wheel in its permanent 
location. The Holyoke Water Power Company’s testing flume is an 
example of a shop-testing plant, being one which is equipped for 
turbine water wheels of any size up to 300 h.p. at 18-ft. head. This 
plant, it is understood, is also the only one of the kind in the country 
which is available for commercial work. Under these circumstances 
there seems to be no call at the present time (1912) for a general code 
of rules applying to tests of that character. The tests to which the 
following code refers are therefore limited to field tests; the wheel 
being in place, and operating so far as possible under the conditions 
of service for which it was installed. 


2 OBJECT AND PREPARATIONS 

The usual object of a waterwheel test in the field is the determina- 
tion of the capacity and efficiency of the wheel at various gate open- 
ings and if practicable at various speeds, as compared with standard 
or guaranteed performance. Having determined the object, what- 
ever it may be, take the dimensions, note the physical condition of 
the wheel and of the plant throughout, install the testing appliances, 
etc., following the general instructions given on pages 1689, 1690, 
1691, 1702 and 1703, so far as they pertain to the work in hand, 
and make preparations for the test accordingly. 

The most important preparations are those which relate to the 


determination of the power developed by the wheel, and the quantity 


of water which it consumes. The nature of these preparations is 

governed altogether by the character of the equipment. As regards 

power determination, the simplest method is the one applying to a 

case where the wheel drives an electric generator and the power is 
1816 
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measured by calculation from the electrical output. Another simple 
method is one which may be used where the wheel serves as an aux- 
iliary to steam power, and the output is determined by ascertaining 
the difference between the indicated horsepower developed by the 
engine when the wheel is on and that developed when the wheel is off. 
Another method which is applicable to almost any situation where 
there is room, although the most difficult of the three, is the use of 
a friction brake attached to the waterwheel shaft, being arranged so 
as to take the place of a section of the shaft which may temporarily 
be removed. As to preparation for water measurement, the desir- 
ability of preserving the maximum head of water usually makes it 
necessary to gage the stream supplied to the wheel or the stream leav- 
ing it, and to select or prepare for this purpose a sufficient length of 
canal having a uniform cross-section to determine the required 
velocity by float measurement. Another method consists in the use 
of current meters or pitometers which have been properly calibrated. 
In cases where some part of the head may be sacrificed either in the 
head race or tail race, the measurement may be made by the insertion 
of a suitable weir. 


3 APPARATUS AND INSTRUMENTS 
The apparatus and instruments required for a capacity and 
efficiency test of a waterwheel are: 

(a) A friction brake, steam engine indicators, or electrical instruments, 
depending on the character of the equipment 

(6) Graduated scales showing the heights of water in the flume above 
the wheel and in the discharge pit beneath 

(¢) One or more current meters or other apparatus for ascertaining 
the velocity of the water; or a weir 


Directions for the use of these appliances may be found on pages 
1699 to 1701 and in Appendices Nos. 18, 19, 21, and 5. 

It is of the greatest importance that the water measured is that 
which is consumed wholly by the wheel. If water leaks by without 
going through the wheel, the quantity of leakage should be deter- 
mined by independent measurement when the wheel is entirely shut 
off; in which case the gross quantity is corrected accordingly. 


t DURATION 


The duration of a simple efficiency test of a waterwheel depends 
mainly upon the method of water measurement employed, and the 
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time required to obtain a sufficient number of observations to insur 
a reliable average. After the desired load and other conditions have 
been obtained, continuous observations and measurements for a 
period of 15 minutes is sufficient for all practical purposes, provided 
the water is measured by a weir, but a longer time is necessary when 
other methods of measurement are used. 


5 RECORDS 













The records should be obtained in a manner conforming to the 
principles explained on page 1703. Readings of the weight on the 
brake arm, levels of water in the flume and discharge pit, indications 
of the current meters, and revolutions per minute, should be taken 
every five minutes, and at more frequent intervals if they show 
much fluctuation. In case of float measurement, repeated observa 
tions should be made one after the other throughout the whol 
period of the trial. 





vo CALCULATION OF RESULTS 












Che total average head of water on the wheel is obtained by adding t 


gether the reading of the scale in the flume and the 






vertical ad Stance 
between the zero of this scaie and that of the scale in the discharge 
pit, and subtracting the reading of the latter seale, both readings 


being taken in reasonably still water, 


The velocity of water in the measuring canal is found by averag 







ing the readings obtained at several points extending over the whole 
width of the canal. 


The cubic feet of water consumed per minute is obtained by mul 





tiplying the cross-section of the stream in square feet by | 


ne veloc 






of the water in feet per minute, determined 


us stated above 


The total power of water available is obtained by 





multiplying the 


net weight of water in pounds consumed per minute by the total 


average head in feet an the wheel, and dividing the 







product by 33,000 
The brake horsepower delivered by the wheel is found by multi 
plying the net weight on the brake arm in pounds by the circumfer 


ence of the corresponding circle in feet and by the number of revolu 







tions per minute, and dividing the final product by 33,000 









7 DATA AND RESULTS 







The data and results should be reported in accordance with the 
form given herewith, adding lines for data not provided for or omit- 
ting those not required, as may conform with the object in view: 





DATA 


WATERWHEEL CODE 1819 
AND RESULTS OF WA’TERWHEEL TEST ADAPTED TO 
BRAKE MEASUREMENT OF POWER 


CODE OF 1912 


.water wheel located at 
to determine ...+-, Conducted by 
Type of wheel and class of service 


Type of generator, if any, kind of current, etc 


Rated power of wheel 
Cross-section of stream where velocity 
GENERAL DATA 
Date 
Duration of period covered by tesi 
Average net weight on brake arm 
Average revolutions per minute 
Total average head of water on wheel 
Average velocity of water per minute in 
Cu. ft. of water consumed per minute 
Weight of water consumed per minute (Li 
Leakage per minute nates ween 
Net water consumed per minute (Line 13 5) ; Ib 
POWER 
Total power of water available , 4 . h.p 
Brake horsepower delivered by wheel......... va are * hp 
EFFICIENCY 


Efficiency of wheel (Line 17 Line 16)... ; per cent 
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APP! 
APP! 
APP! 
(PPE 
(PPI 
(PPI 
(PPI 
APP} 
(PPI 
APP 
(PPE 
APP 
APPI 
APPI 
\PPE 
\PPI 
(PPI 
APP} 
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APPT 
(PPI 
\PPE 
APP 
APP! 
\PPI 
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NDIX 
NDIX 
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NDIX 
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NDIX 
NDIX 
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NDIX 
NDIX 
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No. 
No. 


No 
No 
No 


No. 


No 


No. 


No 
No 
No 
No 
No 
No 
No 
No 


No. 


NO, 
No 
No 
No 
No 
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No 
No 
No 
No 
No 
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No 
No. 
No 
No 


APPENDICES 


GENERAL PRECAUTIONS REGARD 
CALIBRATING WATER METERS 
WeEIRS, VENTURI M1 PERS, EV« 
Pitot TuBEs 

BITUMINOUS COAL SIzKs 
APPARATUS FOR PuMPprNe loN« 
HUMIDITY TABLE. 
PYROMETERS 

STEAM CALORIMETERS 
MAHLER COAL ¢ ALORIMETER 
JUNKER Gas ( ALORIMETER 
IUEL ANALYSES 

GAS (\NALYSES 

RINGELMANN CHAR 

SMOKE MRE’ 

INDICATORS 

BRAKES 

DYNANMO ETERS 

MLECTRICAL INSTR EN 
WATER RIEOSTATS 

CHAR 
LOCATION ©} INSTRUMENTS Pro 
HEAT CONSUMPTION 
BRITISH STANDARD 
(OMBINED DIAGRAMS 
DIAGRAM Factor 


HEAT ANALYSES 


LocomMo | TESTING STATION 


LOcATIO Ol INSTRUMENTS FoR 


1822 


\ 1 




















APPENDICES 


APPENDIX NO. 1 


CLEARANCE MEASUREMENT BY WATER 


lo measure the clearance by actual test, the engine is carefully set on 


the center, with the piston at the end where the measurement is to be 
iken. Assuming, for example, a Corliss engine, the best method is to re 
nove the steam valve so us to have access to the whole steam port, and thet 
through a funnel. The water is drawn from a receptacle containing 

juantity previously measured. When the whole space, including the port 


fill up the clearance space with water, which is poured into the open por! 


s completely filled, the quantity left is measured, and the difference shows 
he amount which has been poured in The measurement can be easils 
ide by weighing the water, and the corresponding volume determined by 
lculation, making proper allowance for its temperature rhe propo 
on required is the volume in cu. in. thus found, divided by the volume 
f the piston displacement, also in cu. in., and the result expressed as 
decimal. In this test care should be taken that no air is retained in the 
earance space when it is filled with water. 
rhe only difficulty in measuring the clearance in this way is that occur 
ring when the exhaust valves and piston are not tight, and the water 
oured in, flows away and is lost. If the leakage is serious. no satisfac 
ory measurement can be made, and it is better to depend upon the volume 
alculated from the drawing. If not too serious, however, an allowance 
in be made by observing the length of time consumed in pouring in th 
ater; then, after a portion of the water has leaked out, fill up the space 
gain, taking the time and measuring the quantity thus added, determining 
this way the rate of leakage. Data will thus he obtained for the de 


red correction 
APPENDIX NO, 2 


LEAKAGE TESTS OF ENGINES, INCLUDING TIME METHOD 


rhe method of testing the valves and pistons for leakage in a Corliss 


gine, or one in which the admission valves can be operated independently 
the exhaust valves, is as follows: 
First close the two steam valves, open the two indicator cocks. and ad 


it a full pressure of steam into the chest by opening the throttle valve 


vi 


rhe movement of the starting bar, first one wav and then the other. so as 
0 close one exhaust valve and then the other. causes the leakages through 
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the steam valves to escape from the open indicator cock, where it becomes 
visible. The quantity of leakage is judged by the force of the current ot 
steam blowing out. 

To test the exhaust valves and piston, block the flywheel so that the pis 
ton will be at a short distance from the end of the stroke, and turn on the 
steam. The leakage escapes to the exhaust pipe, and can be observed at 
the open atmospheric outlet. If the outlet is not visible, and there is a 
valve in the exhaust pipe, this can be shut and the indicator cock opened 
thereby deflecting the steam which leaks, and causing it to appear at the 
indicator cock. In a condensing engine where no atmospheric pipe is pro- 
vided, and there is no opening that can be made in the exhaust pipe in 
front of the condenser, some idea can be obtained in regard to the amount 
of leakage by observing how rapidly the condenser is heated. 

It is well to make these tests with the piston in different positions, so as 
to cover the whole range of the length of the stroke. 

Another method of testing leakage is called the “* time method.” Instead 
of observing the steam that actually blows through the valves or piston to 
be tested, they are subjected to full steam pressure, and when the parts 
are thoroughly heated, the throttle valve is shut and the length of time ob 
served which is required for the pressure to disappear. In testing the 
piston and exhaust valves, the flywheel is blocked as before, and, prefer 
ably, as indicator is attached, and a line drawn on a blank card at inter 
vals of, say, one-quarter of a minute after the valve is shut, thereby making 
a record of the fall of the pressure. In # tight engine the fall of the pres 
sure is slow, whereas in a leaky engine it is sometimes very rapid. The 
relative condition of the engine as compared with a tight engine must he 
judged by an observer, who must, of course, have had experience in tests 
of this kind on engines in various conditions. 

The leakage of a piston can always be determined by removing the cyl 
inder head and observing what blows through the open end with the pres 
sure of steam behind it. The advantage of the time method is that it saves 
the labor and time required in removing the cylinder head and replacing it. 
which, in cases of large engines, is considerable. 

Leakage tests of single-valve engines cannot be made as satisfactorily as 
those of the Corliss type and other four-valve engines. The best that can 
be done as regards the valve is to place it at or near the center of its travel. 
covering both ports, and then make the test under full pressure. The valve 
and piston can be tested as a whole by blocking the flywheel and opening 
the throttle valve in the same way as in other engines. In locomotives 
leakage will be revealed by the escape of steam at the top of the smoke 
stack. 

In testing compound engines for leakage, the work is somewhat simplified 
in case of any one cylinder, as compared with a single engine. For ex 
ample, leakage of the high-pressure cylinder can be revealed by opening the 
indicator cock on the proper end of the low-pressure cylinder, the steam 
valve of that cylinder being open. The test of leakage of the low pressure 
exhaust valves and piston when the time method is used can be 
the indications of the receiver gage, instead of using an indicator. 


based on 
In that 
case the fall of the pressure due to leakage is read directly from the gage. 
The tests thus far referred to are qualitative, and not quantitative. It is 
practical in some cases to determine the quantity of leakage under any se: 
of conditions by collecting the steam which passes through. condensing it 


and weighing it This can be readily done when there is a surface con 
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denser, and it can be done in the absence of such a condenser by attaching 
a small pipe to the exhaust, and carrying the steam which escapes into a 
tank of water and condensing it. How much dependence can be placed 
upon the results of such a quantitative test as showing the actual quantity 
of leakage which occurs when the valves and pistons are in motion must 
be left to the judgment of the person who makes the test. 

In Corliss engines the leakage of the piston with the engine in operation 
can be observed by removing the cylinder head, disconnecting the steam and 
exhaust valves at the head end, and setting the engine to work with steam 
admitted at the crank end. 


APPENDIX NO. 3 


GENERAL PRECAUTIONS REGARDING LEAKAGE AND METHODS 
OF MEASURING LEAKAGE 
(da) Leakaae 


It is not always necessary to blank off a connecting pipe to make sure 


that there is no leakage through it. If satisfactory assurance can be had 


that there is no chance for leakage, this is sufficient. For example, where 
a straightway valve is used for cutting off a connecting pipe, and this valve 
has double seats with a hole in the bottom between them, this being pro 


vided with a plug or pet cock, assurance of the tightness of the valve when 
closed can be had by removing the plug or opening the cock. Likewise, if 
there is an open drip pipe attached to an unused or empty section of pipe 
beyond the valve, the fact that no water escapes here is sufficient evidence 
of the tightness of the valve. The main thing is to have positive evidence 
in regard to the tightness of the connections, such as may be obtained by 
the means suggested above; but where no positive evidence can be obtained, 
or where the leakage that occurs cannot be measured, it is of the utmost 
importance that the connections should be broken and blanked off. 

Leakage of relief valves which are not tight, drips from traps, separators, 
etc., and leakage of tubes in the feedwater heater must all be guarded 
against or measured and allowed for. 

It is well, as an additional precaution, to test the tightness of the feed 
water pipes and apparatus concerned in the measurement of the water by 
running the pump at a slow speed for, say, fifteen minutes, having first 
shut the feed valves at the boilers and making sure they are tight. Leak 
age will be revealed by disappearance of water from the supply tank. In 
making this test, a gage should be placed on the pump discharge to guard 
against undue or dangerous pressure 
(b) Water Glass Tests of Leakage 

To determine the leakage of steam and water from a boiler and steam 
pipes, etc., the water-glass method may be satisfactorily employed. This 
consists of shutting off all the feed valves (which must be known to be 
tight) and the main.feed valve, thereby stopping absolutely the entrance or 
exit of water at the feed pipes to the boiler; then maintaining the steam 


pressure (by means of a very slow fire) at a fixed point, which is approxi 
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mately that of the working pressure. and observing the rate at which the 
water falls in the gage glasses lt is well, in fest S other work otf 
this character, to make observations every ten minutes d » continue 
them for such length of time that the differences betwee successive read 
Ings attain a constant rate In many cases the conditions will have becom 
constant at the expiration of fifteen minutes from the time of shutting the 
Valves, and thereafter the fall of water due to leakage of stean nd ( 
become approximately constant It is usually sufficient, aft his tine 

continue the test for two hours, the reby obtaining a number ot L-houri 


t f ne scertn 


periods. When this test is finished, the quantity of leakage is 


by calculating the volume of water which has disappeared, using the 
of the water level ind the depth shown on the glass, making due Liiow ( 
for the weight of one ubie foot of water at the observed essure 
water columns should not be blown down during the time water-glass 
test Is going on, nor for a period of at least one hour before it begins 

If there is opportunity for condensation to occur and collect i e stea 
pipe during the leakage test, the quantity should be determined as ely 
ws desirable. and properly allowed for 
(ec) Surface Condenser Tests 

In making an engine test where the steam consumption is determined 
from the amount of water discharged from a surface condenser, | ge of 
the piston rods and valve rods should be guarded against: for if these are 
excessive, the test is of little use. as the leakage consists partly of stea 
that has already done work in the cylinder and of water condensed fro1 
the steam when in contact with the cylinder If such leakage cannot be 
prevented, some allowance should be made for the quantity thus lost. The 
weight of water as shoy it the condenser must be increased by the quan 


tity allowed for this leakage 


APPENDIX NO. 4 


CALIBRATING WATER METERS 


Referring to Fig. 2, two tees A and B are placed in the feed pipe d be 
tween them two valves C and D. ‘The meter is connected betwee he out 
ets of the tees A and B and the valves F and /' are placed one on eact 
side of the meter When the meter is running, the valves / id / "e 
opened, and the valves ( and JD closed \ small bleeder G is kept open to 


there is no leakage A gauge is attached I] When the 


make sure that 


meter is tested, the valves ¢ Do and F' are closes 


are opened Phe water flows from the valve / to tank on 1 scales 
In testing the meter, the water is throttled at the valve / to obtain the de 
sired rate of discharge. the gage meanwhile showing the working pressure 
The piping leading from the valve / to the tank is arranged with a swing 
ing joint, consisting merely of a loosely fitting elbow t read 


ily turned into the tank or away from it. When the desired speed has bee 


secured. the end of the pine is swung into the tan] TT st 
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of the meter is opposite some graduation mark on the dial. When the re 


quired number of cubic feet are discharged, the pipe is swung away. The 


tests should start and stop at the same graduation mark on the first dial, 
and continued until at least 10 or 20 cu. ft. are discharged for one test. The 
tank is weighed before and after filling 

The water passing the meter should always be under pressure so that any 


air in the meter may be discharged through the vents provided for this pur 














Fic. : MeTER CALIBRATION 


pose. Cure should be taken that there is no unnecessary air drawn into the 
feed water. The meter should be tested before and after the trial. and re 
peated calibrations should be made to obtain confirmative results 

Fig. 2* and the description apply to a piston meter, but any other type of 


meter carrying water under pressure may be calibrated in the same manner 


APPENDIX NO. 5 


MEASUREMENTS OF WATER BY MEANS OF WEIRS, VENTURI 
METERS, ETC 
Weirs 
Che measurement of water by the use of weirs may be based on Fran 
cis’ experiments, an account of which is given in Lowell’s Hydraulic Experi 
ments.’ These resulted in the formula 


Q = 3.33 (1 0.2H) x H 


*Reproduced from Trans. Am. Soc. M. | 
D. Van Nostrand 
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in which Q is the discharge in cu. ft. per second, L the length of the weir 
in ft., and #H the depth of water on the weir in ft. The coefficient, 3.55 
was obtained from the mean of 88 experiments, the greatest variation from 
the mean in any individual case being 1 per cent. The length of the wel 
in all but six of the experiments, was approximately 10 ft. The depth of 
water on the weir varied from 7 to 19 in. The formula applies to that type 
of weir having perfect contraction at each end, which was the form used 
in 65 experiments. 

The weir was of rectangular cross-section, with & horizontal crest and 
vertical ends. The upper edge was made of cast iron, and the corner pre 
sented to the current was square and sharp. The horizontal part of the 
crest was \ in. wide, and the remaining part was bevelled off at an ang 
of 45 deg. The ends were of similar cross-section to the crest rhe dept! 
on the weir was taken by means of hook gages, 6 ft. from the weir, thes 
gages being placed in wooden boxes situated on the sides of the canal amd 
communicating with the water through small openings. Vertical gratings 
for overcoming eddies in the current, were provided above the gages. Thi 


distance from the side of the canal to the end of the weir was about 2 ft 
and the depth of the canal below the crest was, in most of the experiments 
about 5 ft. 

The Francis formula is applicable only to cases similar to those described 
According to Mr. Francis’ statement, it cannot be applied where tne depth 
on the weir exceeds one-third of the length, nor to very small depths. Fm 
thermore, the distance from the side of the canal to the end of the we 
should not be less than three times the depth on the weir 

In using the formula, the depth should be corrected for the head due 
the velocity of approach, according to the formula 


H’ (4 ') —e 


in which //’ is the corrected depth, H the observed dept nd # the head 
due to the velocity of approach. This last may be determined from the 
formula 
J 
64.3 


in which V is the velocity of approach in ft. per second, which may be de 


h 


termined by dividing the uncorrected discharge of water, in cu. ft. per see 
ond, by the area of the cross-section of the steam flowing through the cana 
in sq. ft. 

Refer also to the experiments on weirs made by Hamilton Smith, J: 
described in Smith’s Hydraulics, and to those made by Fteley and Stearns 
described in the Transactions of the American Society of Civil Engineers 
1883. ) 
Venturi Tubes 
According to Herschel’s : 
the American Society of Civil Engineers, November 1887 and January 18838, 


experiments, described in the Transactions 0 


a venturi tube inserted in a force main may be used for determining the 
quantity of water discharged by a pumping engine. Such a tube, applied 
for example, to a 24-in. main, has a total length of about 20 ft. At a dis 
tance of 4 ft. from the end nearest the engine, the inside diameter of the 


tube is contracted to a throat having a diameter of ahout S in \ pressure 
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gage is attached to each of two chambers, the one surrounding and com- 
municating with the entrance, or main pipe, the other with the throat. Ex 
periments made upon two tubes of this kind, one of which was 4 in. in 
diameter at the throat and 12 in. at its entrance, and the other about 36 
1. in diameter at the throat and 9 ft. at its entrance, showed that the quan 
tity of water which passes through the tube is very nearly the theoretical 
discharge through an opening having an area equal to that of the throat, 
and a velocity that due to the difference in head shown by the two gages. 
Mr. Herschel states that the coefficient for these two widely varying sizes 
of tubes and for a wide range of velocity through the pipe was found to be 
within 2 per cent, either way, of 9S per cent. In other words, the quantity 
of water flowing through the tube per second is expressed within 2 per 


cent by the formula 


it OS x V2gqh 


in which A is the area of the throat of the tube, and kh the head, in ft., 
corresponding to the difference in the pressure of the water entering the 
tube and that found at the throat. 

The substantial reliability of venturi meters of small size (6 in. at en 
trance and 2 in. at throat), such as are readily calibrated, furnishes 
strong evidence of the practicability of this method of measurement for 


pumping engines 


isurement of water by computation from its discharge through 
the nozzles of fire hose, furnishes a means of determining the quantity of 
water delivered by a pumping engine which can be applied without much 
difficulty Freeman's investigations upon tire nozzles, described in the 
Transactions of the American Society Civil Engineers, November, 188, 
which covered a wide range of pressures and sizes, showed that the co 
efficient of discharge for a smooth nozzle of ordinary good form was within 
4» Of 1 per cent, either way, of 0.977; the diameter of the nozzle being accu 
rately calipered, and the pressures being determined by means of an accu 
rate gage attached to a suitable piezometer at the base of the play pipe 
To use this method the water should be conducted to a pressure box and 
Is InaAnV nozzles attached to the box as would be required to carry off the 
ter. Four 1'4-in. nozzles, with a pressure of SO Ib. per sq. in., would dis 
charge the full capaci * a 2.500.000 gal. engine 


Orifice Formula 


rhe quantity of water flowing through an orifice into the open air, ex 


pressed in cu. ft. per second, may be calculated by the use of the formula 


8.02 ACVH 


in which A is the area of the orifice in sq. ft., C, a coefficient depending on 


the form of the orifice and velocity of approach, and H, the head over the 
center of the orifice measured in ft For an orifice located in the side of a 
tank, and consisting of a circular opening in a thin metal plate with a 
smooth sharp edge. the value of the coefficient is very close to 0.6 (See 


Hamilton Smith. Jros. work on Tvdranlies.) 
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Float Rods and Current Meters 

The velocity of water flowing in a stream may be obtained indirectly by 
the use of float rods, and directly by means of current meters 

Float rods may be patterned after those used in Francis’s experiments 
which consisted of tin tubes, 2 in. in diameter, the lower ends being loaded 
so as to float upright, and the upper ends standing a few inches out of 
water. ‘They were used at each foot of width of the canal, the length of 
run being 70 ft., and the time was recorded on a chronograph he mean 
velocity ranged from 0.5 ft. to 5 ft. per second, the number of experiments 
being 115. It was found that the lower ends of the rods did not extend 
to near the bottom of the canal, the observed velocity should be multiplied 
by a coefficient obtained from the fermula 

l 0.116 | dD 0.1) 

in which JP) is the proportionate part of the total depth of the water not 
reached by the float. If for example the immersed part of the float is 0.9 
of the total depth, D is 0.1 and the coefficient becomes 1 0.024 0.976 

A current meter consists essentially of a small screw propeller which is 
operated by the current of flowing water in which it is immersed, the revo 
lutions being shown on a dial placed at some convenient point to which the 
motion is transmitted electrically. The speed of revolution of the propelle: 
referred to a rating table, shows the velocity of the water The Price 


electric meter is an example ot satisfactory instrume for this purpose 


Whatever type of meter is used, its rating should be checked by calibration 


under conditions which are substantially the same as those occurring on 
the waterwheel test, especially those pertaining to depth of immersion and 
average velocity. The method of calibration considered most reliable is 
that which is carried on by moving the meter through still water at a 
known velocity. 

For further information regarding these and other methods of measuring 
the velocity of water, reference may be made to Water Supply and Irriga 
tion Paper No. 95, U. S. Geological Survey, published in 1904, on the sub 


ject, Accuracy of Stream Measurements 


APPENDIX NO. 6 


PITOT TUBES FOR GAS AND AIR MEASUREMENT 


A form of pitot tube suitable for measuring the velocity of gas or air 
moving in a pipe is illustrated in principle in Fig. 3. This consists of a 
siall tube A, which is inserted in such a position that the open end points 
toward the current of gas or air, thereby receiving the full impact which 
the current produces. Surrounding this tube is an annular chamber or 
jacket B, which communicates with the outside space by means of four 
small holes C, D, HE, and Ff’, two on each side. By means of the small pipes 
G and H, the inner tube and the outer jacket are connected respectively to 
the two legs of a U-tube manometer, as shown in Fig. 4. 

The pressure shown by the manometer, or what is called thi 
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ressure, is that due to the difference in pressure at the two points, the 
| | 


inner tube A being subjected to the sum of the static and velocity pressures 


and the annular jacket B to the static pressure alone. The velocity cor 


responding to the difference of pressure shown is computed by using the 
formula 























iro, Tupi 








Piror ‘TUBE AS INSTALLED 


Velocity per minute 60 V2 gH 
Velocity-presssure in Ib. per sq. ft 
in which H —_ 
Weight of 1 cu. ft. of gas or air. 
rhe velocity-pressure in Ib. per sq. ft. is found by multiplying the indica 
tion of the manometer /? in in, of water by the constant 5.196. By sub 
stituting in the above formula, and reducing, we have 


Reading of manometer in in. of water 


\ Weight of 1 cu. ft. of gas or air. 
he weight of 1 cu. ft. of gas or air is obtained by multiplying the weight 


Velocity per minute 1007 





1832 REPORT OF POWER TEST COMMITTEE 


(0.0807 lb. 


of 1 cu. ft. at a temperature of 32 deg. and pressure of 29.92 in. 
for air) by the proportion obtained from the expression 


$92 deg. P + 29.92 


A 
1CO + t 29.92 
in which ¢t is the temperature of the gas or air as observed and P the ob 


served pressure in in. of mercury. 

For low velocities the U-tube shown in Fig. 4 may he replaced by one 
containing gasolene and having one leg inclined so as to multiply the ordi 
nary indications to any extent desired. In this case the reading may be 
converted into inches of water by multiplying it by the proportion of th 
vertical height to the inclined height and by the specific gravity of gasolene 

For high pressures, the manometer attached to the impact tube can be 
replaced by a mercury column or steam gage attached to a receiver in tb 
main where the velocity is largely reduced. 

To determine the average velocity of the gas or air throughout the whole 
cross-section of the pipe, readings should be obtained at a number of points 
and the results averaged. Two sets of readings should be taken, one set 
along the horizontal diameter and the other set on the vertical diameter. 
The various points should be selected so that the different velocities will 
conform to equal areas. If there are ten points in each diameter this 
equality will be obtained if they are located on the four radii at distances 
of 32, 55, 71, S84, and 95 per cent, respectively, of their length, measured 
from the center. In pipes carrying high pressures two pitot tubes may be 
used, one for each diameter, and they should be mounted so as to be read 
ily moved to the desired locations, the required points being indicated by 
suitable marks on the outside supports. 

The point selected for the attachment of a pitot tube should be as far 
removed as practicable from abrupt bends. 

Another form of tube may be used, when properly calibrated, especially 
for high pressures, which is inserted diametrically across the main in the 
manner of a sampling pipe. In this case the impact is obtained by a num 
ber of short tubes attached to the side and pointing toward the current 


APPENDIX NO. 7 


BITUMINOUS COAL SIZES 


situminous coals in the Eastern States may be graded and sized as fol 
lows: 
(A) Run of mine coal; the unscreened coal taken from the mine. 
(B) Lump coal; that which passes over a bar-screen with openings 14 
in. wide. 
Nut coal; that which passes through a bar-screen with 144-in. open 
ings and over one with *4-in. openings. 
(D) Slack coal; that which passes through bar-screen with °%4-in. 
openings. 
Bituminous coals in the Western States may be graded and sized as fo 
lows: 
(EZ) Run of mine coal; the unscreened coal taken from the mine. 
(F) Lump coal; divided into 6-in., 3-in. and 144 in. lump, according to 
the diameter of the circular openings over which the respective grades 


pass; also 6 by 3 lump and 3 by 14% lump, according as the coal 
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passes through a circular opening having the diameter of the larger 
figure and over that of the smaller diameter. 

(G) Nut coal; divided into 3-in. steam nut, which passes through an 
opening 3-in. diameter and over 14-in.; 14-in. nut, which passes 


through a 14-in. diameter opening and over a %-in. diameter open- 


ing; *4-in. nut, which passes through a %-in. diameter opening 


and over a %-in. diameter opening. 


(7) Sereenings: that which passes through «a 144-in. diameter opening. 








“tinensceanail” 


Fic. ! Ark CHAMBER FOR ATTACHMENT OF GAGE TO Force MAIN 


(J) Washed sizes: thos passing through the circular openings 


of the following diameters, in inches 
Number 
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APPARATUS FOR PUMPING ENGINES 


To determine the length of stroke in the case of direct-acting engines, a 
scale should be securely fastened to the frame which connects the steam 


and water cylinders, in a position parallel to the piston red, and a pointer 


ittached to the rod so as to move back and forth over the graduations on 
the scale. The marks on the scale, which the pointer reaches at the 
two ends of the stroke, are thus readily observed, and the distance moved 
over computed. If the length of the stroke can he determined by the use 


of some form of registering apparatus, such «a method of measurement 
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is preferred. he person errol close hes ¢ ‘ 
which are liable to creep uy thereby bn oided 
The apparatus referred to under the heading (g) Pressure Gages, page 
1694, consisting of a small air chamber for the attachment of a gage to the 
force main is shown in Fig. 5 
APPENDIX NO. 9 
HUMIDITY TABLE 
Table 6 is condensed from the hygrometric ibles of Ss. G ( 
referred to on Page 1696 
APPENDIX NO. 10 
OPTICAL, PNEUMATI¢ AND RADIATION PYROMBETERS 
Wanner’s optical pyrometer, Uehling’s pneumatic pyrome ind Fer 


radiation pyrometer. are among those referred to on page 1696 ‘ Yr 
ful for measuring high temperatures. Full descriptions of these instr 
ments may be found in the catalogues of vario 
physical apparatus. 


s dealers n chemica 


APPENDIX NO. 11 


DESCRIPTION OF STEAM CALORIMI 


rERS 
The instrument referred to on page 1697 is shown in Figs. Ga d 6b It 
consists of brass pipe and fittings of the 14-in. size in whicl 


ch the leading 
parts are the two tees, a pair of flanges, an orifice plate between the 
flanges, and two thermometer Ips containing thermometers which ars 
screwed into the tees The whole is surrounded by suital 


e non-conducting 
covering and encased in a box 


The percentage of moisture is determined 
by observing the number of degrees of cooling that the the! 


mometel 
the low-pressure steam shows the normal” reading for dry stear ind 
dividing that number by the “ constant number of degrees represe 
1 per cent of moisture 

To determine the “ normal” reading of the SSI ete 


responding to dry steam, the instrument should Ihe 
steam pipe in such a way that the 
the top of the pipe, there being 


attaches norizonta 
saAlinpling nozzle projects upwards to neat 
no perforations and the steam entering 
through the open top of the nozzle rhe should be tmnade when the 


state, and when the ste 


test 


steam in the pipe is in a quiescent ‘am pressure is 
maintained constantly at the point observed on the main trial If the 
steam pressure falls during the time when the observations are being made 


® Reproduced from Trans. Am. 8 MI. I 48%. fic. 199 
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the test should be continued long enough to obtain the effect of an equiva 
lent rise of pressure. 

To find the “ 1 per cent of moisture divide the latent heat of 
the steam supplied to the calorimeter at the observed pressure or tempera 


constant” for 


rABLE 6. RELATIVE HUMIDITY, PER CENT. 


DIFFERENCE BETWEEN THE Dry anp Wer THermomerters, Deo. Faur 
Dry Thermometer, 
Deg. Fahr. 
l | 2 | 3 4 | 5 | 6 8 9 | 10] 11] 12) 13) 14 
Relative Humidity, Saturation being 100 (Barometer =30 in 
32 89 | 79 69 59 49 | 39 | 30 | 20 ll 2 
40 92 | 83 75 | 68 | 60 | 52 | 45 | 37 | 29 | 23115] 7] O 
50 93 | 87 | 80 | 74 | 67 | 61 | 55 | 49 | 43 | 388 | 32 27 | 21 | 16 
60 94 89 R3 78 73 68 | 63 58 55 46 43 39 | 34 30 
0 95 90 S6 81 77 72 68 64 59 55 51 45 44 40 
Si 96 91 87 83 79 75 72 68 4 61 57 54 50 47 
" 16 92 SY 85 81 78 74 71 68 65 61 58 55 52 
1O0O O68 93 RY 86 BS RO 74 73 70 OS 65 62 59 5A 
110 Q7 93 90 R87 84 81 78 7 73 70 67 65 62 60 
120 97 4 91 88 | 85 82 SO 77 74 72 | 69 | 67 65 | 62 
140 97 95 | 92 | 89 | 87 84 | 82 | 79 | 77 | 75 | 73 | 70 | 68 | 66 
| i 
15 16 | 17 18 19 20 | 21 22 23 24 26 28 30 
\ 
32 
40 
50 ll 5 0 
60 26 | 21 17 13 oe) ) l 
70 36 33 29 25 22 19 15 12 4 6 
SO 44 41 38 | 35 | 29 | 26 23 | 20 18 12 7 ; 
90 49 47 44 41 $9 6 34 31 29 26 22 17 13 
100 54 51 449 46 44 41 39 37 35 3 28 24 21 
110 57 | 55152 | 50/48/46 44 2/40 38 | 34/30 26 
120 60 58 55 5: 7] 14 17 45 43 41 $8 34 ] 
140 64 62 60 58 it 4 f 51 14 47 44 41 & 





ture by superheated 
(0.46) and divide the quotient by 100. 
Finally 


degrees of cooling by 


the specific heat of steam at atmospheric pressure 


ascertain the percentage of moisture by dividing the number of 
the constant, as above noted. 

To determine the quantity of steam used by the calorimeter it is usually 
sufficient to calculate the quantity from the area of the orifice and the abso 
lute pressure, using Napier’s formula for the number of lb. which passes 
through per second; that is, absolute pressure in Ib. 


70 and multiplied by the area of orifice in sq. in 


per sq. in. divided by) 


To determine the quan 
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tity by actual test, a steam hose may he attached to the outlet of the 
calorimeter, and carried to a barrel of water on platform scales. The 
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Fic. 6a THROTTLING CALORIMETER 











amount of steam condensed in a certain time is determined, and thereb 


the quantity discharged per hour. 
A combined throttling and separating calorimeter, in which the throt 
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tling portion operates on the same principle as the one just described. is 
shown in Volume 17 of the Transactions.’ 


APPENDIX NO. 12 


MAHLER COAL CALORIMETER 


‘The Mahler coal calorimeter consists essentially of a strong cylindrica! 
vessel having a capacity of about SOO cu. ¢., which is closed at the top and 
filled with oxygen gas, under a pressure of 375 Ib. per sq. in. A sample of 
finely powdered coal, which will pass through a sieve having 10,000 meshes 
to the sq. in., weighing about 1 gram, is placed in a pan suspended within 
the interior vessel, and provided with two electrodes, through which al 
electric currrent from a battery can he passed. The whole is immersed in 


1 
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an outer vessel containing about 2500 grams of water, thoroughly stirred, 
the temperature of the water observed, the coal set on fire by completing 
the electric circuit, the water again stirred, and the temperature observed 
at intervals of half a minute until the thermometer ceases to rise. The 
difference between the initial and final temperatures thus determined is 
corrercted for radiation, the latter being found by observing the rate at 
which the temperature changes before and after the coal is fired. The 
weight of water contained in the outer vessel, the water equivalent of the 
whole apparatus, and the weight of coal being known, the total heat of com 
bustion is found by multiplying the sum of the two water weights in grams 
hy the corrected rise of temperature in deg. fahr., and the product is 
divided by the weight of the coal in grams. 

The sample used for the calorimeter test should be air dried. A simi 
lar air-dried sample should be tested for moisture in the manner described 
at the end of page 1712, the final result being based on dry coal. 


R. C. Carpenter. New Form of Steam Calorimeter. Trans. Am. Soc. M. E., vol. 17, p. 618, 
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APPENDIX NO. 15 


JUNKER GAS CALORIMETER 


This instrument consists of a vertical cylindrical water chamber con 
taining vertical tubes, which is heated by the gas burned in a Bunsen lamp 
beneath. The products of combustion pass upward through the tubes, and 
the water flows downward through the chamber in a continuous current. 
The quantity of gas is measured by a gas meter, and the quantity of watei 
by collecting the overflow discharged from the apparatus. Thermometers 
are inserted at the points of entrance and exit. The heat of combustion of! 
a cu. ft. of gas is determined by multiplying the rise of temperature in deg 
fahr. by the weight of water in lb., and dividing the product by the volume 
of gas in cu. ft. The result thus found is what is termed the “ higher value,” 
and this is the value, unless otherwise stated, which is employed through 
out the codes. 

The “low value” is obtained by multiplying the weight of the condensed 
vapor resulting from the combustion, expressed in lb., by the total heat of 
atmospheric steam above the temperature of the condensed vapor, dividing 
the product by the volume of the gas in cn. ft., and subtracting the quotient 
from the higher value. 


APPENDIX NO. 14 
FUEL ANALYSES 


Prorimate Analysis of Coal 

The apparatus required for proximate analysis consists of a mill fol 
grinding coal, chemical scales sensitive to 1/1000 of the amount weighed 
drying apparatus, a platinum crucible, a Bunsen burner and blast lamp, a 
supply of oxygen gas, and such chemicals and chemical apparatus as may 
be required. The elements to be determined are moisture, volatile matter 
fixed carbon, ash, and sulphur. 

Determine the moisture as explained at the end of Part III A. 

To determine volatile matter, place one gram of air-dried powdered coal 
in the crucible and cover it with a loose platinum plate. Heat 3% minutes 
in the flame of the Bunsen burner, and continue the heating for 3% min 
utes longer in the flame of the blast lamp. Cool down, remove the cover 
and weigh the residue. The loss in weight represents the combined volatile 
matter and moisture. Subtracting the moisture, the weight of volatile 
matter alone is determined. 

To ascertain the ash, expose the residue in the crucible to the blast lamp 
until it is completely burned, using a stream of oxygen if desired to hasten 
the process. The residue left is the ash 
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rhe difference between the residue left after the expulsion of the volatile 
is the fixed curbon. 


Eschka’s method \ commonly 


mugnesium oxide and 44 


matter and the ash 
To determine sulphur by hich is the one 
1 gram of coal mixed 
for 1 hour, using 


used, heat With 1 gram of 
gram of sodium carbonate an alcohol lamp. After cool 


of ammonium nitrate and heat the mixture ten min 


reduce by evaporation to 
barium chloride 


ng, mix with 1 gram 


Ilan. 

tes; then dissolve in 200 cc. of water, heat and 
1o0 ce., acidify with hydrochloric acid, and filter Add 
ind determine the sulphur by calculation from t1 


thereby precipitated 


quantity 


to the filtrate 
und composition of the barium sulphate 


i Itimate Analysis of Coal 
Halvsis Consists of a mill and other 


The apparatus required for ultinsate 


yparatus for grinding and pulverizing the coal; chemica 
fapparatus; combustion apparatus 


one end of which 


| scales sensitive 


| 
0 1/1000 of the amount weighed: dryit 
u glass combustion tube 


an combustion furnace 
lead and the other end with a 


embracing 
s filled with copper oxide and chromate of 
porcelain boat, a se 
»of calcium 
cals and chemical 


t of bulbs containing 


roll of oxidized copper gauze, a 
ivdrate of potassium, a U-tube filled with chloride ind a supply 
of pure oxygen and pure air; together with suitable chem 
required for the various processes The elements to be deter 


carbon, hydrogen 


aipparactus 
nitrogen, and ash 





oxygen, sulphui 


nined are moisture, 
The moisture is determined in the manner pointed out under Proximate 

\nalysis 
Phe carbon snd hydrogen are obtained by the use of the combustion ay 
‘ied coal is placed in the 


of the pulverized air-di 


and the copper 


maratus. One-half gram 
s introduced between the copper roll 


tube After the coal and the entire contents 


ut by a sufficient 


orcelain boat, which 


Xide within the combustion 


been thoroughly dried « 
» furnace is set to work 


minary heating 


and ti 
conducting the 


Within have 

ided by a current of dry air, the e coal burned 
through the tube 
potash bulbs 


and finally oxygen 
ind the chloride of calci 


of the carbon is 


by first passing air 
combustion through the 


products 0 
moustion 


combustion of hydro 


eon 


The carbon dioxide produced by the 
er formed by the 
air-dried coal, is taken 


im tube 
the potash, and the wat 


bsorbed by 
ven, together with that due to the moisture in the 
rhe quantity ot 


» by the chloride of caleiun 
ntter. thereby ob 


earbon is 


by weighing the bulbs before and 


the carbon dioxide produced, and then calculating 


determined 
taining the weight of 
he weight of carbon from the 
quantity of hydrogen is determined by weighing the 
the moisture in the 


known composition ol the dioxide Likewise 
»calcium tube before 
nir-dried coal, gives 


which, after deducting 


ind after, 
the amount of water produced, and, dividing by 9, the amount of hydrogen 
Sulphur is found by the method described above under the heading 
’roximate Analysis 
lo determine nitrogen, a certain weight of coal is mixed with strong 
nearly color 


heated unti 
and then into sul 


bv making the 


Uphurie acid and permanganate of potash and 


ess. This process converts the nitrogen into ammonia 
~ at Perit ed 


and the amount of sulphate 


hate of ammonia 
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solution alkaline and then distilling it. The nitrogen is found by calculation 
from the known composition of ammonia. 

The ash is found by weighing the refuse left in the combustion boat after 
the coal is completely burned. 

The oxygen is the difference between the sum of the elements previously 
determined and the original weight of coal. 

The ultimate analysis of coal, as will be seen from the above description, 
requires the use of so much chemical apparatus, and at best it is so compli 
cated, that it is not likely to be done except in a fully equipped chemical 
laboratory. It should not be undertaken by one who is not entirely famil 
iar with all the details of the work. 


ijnalysis of Liquid Fuels 

The determination of carbon and hydrogen in liquid fuels is made in the 
same manner as that concerning the solid fuels above described, using spe 
cial means for preventing loss in the various processes on account of the 
volatile characteristics of the fuel. 

To determine the sulphur, the oil or other liquid is heated with nitric acid 
and barium chloride. The quantity of sulphate of barium thus produced is 
ascertained by filtering and weighing, and the sulphur calculated from the 
known composition of the compound. 

The ultimate analysis of liquid fuel, like that of coal, should be under- 
taken only by a person familiar with all the necessary details. 

See report of Committee of American Chemical Society on Coal Sampling 
and Analysis. 


APPENDIX NO. 15 


GAS ANALYSIS 


Orsat Apparatus 


The Orsat apparatus is a portable instrument contained in a wooden 
case with removable sliding doors front and back, as shown in its simplest 
form in Fig. 7*. It consists essentially of a measuring tube or burette, 
three absorbing bottles or pipettes, and a leveling bottle, together with the 
connecting tubes and apparatus. The bottle and measuring tube contain 
pure water; the first pipette, sodium hydrate dissolved in three times its 
weight of water; the second, pyrogallic acid dissolved in sodium hydrate in 
the proportion of 5 grams of the acid to 100 cc. of the hydrate; and the 
third, cuprous chloride. These chemicals are sold by most of the large 
dealers. 

The manipulation of the instrument, which can be carried on after suit 
able practice by any person familiar with testing work, is as follows: 

After completely drawing out the air contained in the supply pipe, a 


sample of the gas is drawn into the measuring tube by opening the 


Reproduced from Trans. Am. Soc. M. E,, vol. 18, p. 903, figs. 290, 291 
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necessary connections and allowing the water to empty itself from 
the tube and flow into the bottle. The quantity of gas drawn in 1s 
adjusted to 100 cc. By opening one by one the connections to the 
pipettes, and raising and lowering the water bottle, the sample is 
alternately admitted to and withdrawn from the pipettes, and the in- 
gredients one by one absorbed. 

The first pipette absorbs carbon dioxide (CO,); the second. oxy 
gen (QO) ; and the third, carbonic oxide (CO). The quantity absorbed 
in each case is determined by finally returning the sample to the 
measuring burette and reading the volume. The percentage of CO, 
is read directly, being the.first absorption. That of the other two 




















Fig. 7 Orsatr APPARATUS 


ingredients are the respective differences between the readings taken 
after successive absorptions, 

Various modifications of this apparatus have been developed which 
enable analyses to be made with greater rapidity than with the form 
illustrated in Fig. 7. 

Hempel Apparatus 


The Hempel apparatus works on the same principle as the simple form 
of Orsat apparatus described, so far as the latter is applicable, excepting 
that the absorption may be hastened by shaking the pipettes bodily, bringing 
the chemical into most intimate contact with the gas. It is less portable 
and in some particulars it requires more careful manipulation than the 
Orsat, while for general analysis it is not adapted unless used in a well 
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equipped chemical laboratory The ubsorption pipettes are made in sets 
which are shaped in the form of globes, and a number of independent sets 
are required for the treatment of the different constituent gases \ simplk 
pipette of the Hempel type is shown in Fig. & 

The method of carrying on an analysis with the Hempel apparatus is as 
follows: 


A sample of gas measuring 100 cc. is drawn into the burette, and the) 
transferred to the first pipette, which contains potassium hydrate 
dissolved in two times its weight of water. This pipette absorbs 
carbon dioxide (CO.) The gas is then passed into the second 
pipette, containing saturated bromine water, which absorbs the heavy 


hydrocarbons (C.H,); then into the third pipette ontaining a so 
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Fig. S HEMPEL PIPETT! 


tion of pyrogallic acid and potassium hydrate in the proportion of 
5 grams of acid to 100 ec. of hydrate, which absorbs oxygen (O) 
then into the fourth pipette, containing ammoniacal cuprous chlo 
ride, which absorbs carbonic oxide (CO), and finally into the fifth 


pipette, which is of large size and provided with exploding wires 


and galvanic battery, for the determination of marsh gas (CH,) 
and hydrogen (H). A measured quantity of oxygen gas is added to 
this pipette and the contents exploded by an electric spark from the 
battery, resulting in a mixture of carbon dioxide, nitrogen, and 
free oxvgen The quantity of carbon dioxide is determined by pass 
ing the gas into the pipette containing potassium hydrate, and the 
quantity of oxygen by subsequently passing it into the pipette coi 


taining potassium pyrogallate. finally determining the quantity of 
marsh gas and hydrogen from the known reactions which occur 
during this process, and the composition of the resulting gases 

For each of these processes the pipettes are shaken to hasten th: 
absorption, and the quantity absorbed is determined by returning the 
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gas into the measuring burette and observing the successive differ 
ences. 


l'ar and Soot. 


The quantity of tar and soot contained in producer gas may be found by 
drawing a measured volume of gas through filter paper, weighing the paper 
before and after. 


APPENDIX NO. 16 


RINGELMANN CHAR'! 


\ Ringelmann smoke chart is shown with full-size spacing in Fig. 9 To 
use this chart, four cards are ruled like those shown, though covering a 
much larger area, and placed in a horizontal row about 50 ft. from the ob 
server, and in line between him and the chimney, together with two other 
cards, one of which is white and the other solid black. The observer glances 
rapidly from the chimney to the cards and judges which one corresponds 
with the color and density of the smoke. He makes these observations 
every minute, or oftener if desired, recording the number of the card repre 
senting the character of the smoke at the instant of observation. The re 
sults are then plotted on a chart, and the variations shown graphically. 

The lines in cards 1 to 4 are respectively 1, 2.3, 3.7, and 5.5 mim. thicl 


3, and 4.5 mm 


ind the spaces Y, 7.7, 6 


APPENDIX NO. 17 


SMOKE METER 


As an illustration of the soot-collecting method referred to on page 1699 
which was carried out in a certain trial, a plate % in. wide and 24 in. long. 
representing a surface of 21 sq. in., was inserted through a hole in the ton 
of the flue and suspended by a wire, the hole being covered after the plate 
was inserted. The plate was temporarily withdrawn every two hours dui 
ing the progress of the test, and the collection of soot removed by a brush 
This was tried on a boiler fitted with an automatic stoker and on another 
titted with a smoke-burning furnace, and it was found that under various 
conditions as to character of coal and other changes, the weight of soot 
collected per hour varied from 9 to 184 mg 


APPENDIX NO. 18 


USk AND CALIBRATION OF LNDICATORS 
The indicated horsepower should be determined from the average mean 
effective pressure of diagrams taken at intervals of 20 minutes, and at 
more frequent intervals if the nature of the test makes this necessary. this 
being done for each end of each cylinder. With variable loads, such as 


* Reproduced from Trans. Am. Soc. M. E., vol. 21, p. 98, fig. 6 
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those of engines driving generators for electric railroad work, and of rub 
ber-grinding and rolling-mill engines, the diagrams cannot be taken tov 
often. In cases like the latter, one method of obtaining suitable averages 
is to take a series of diagrams on the same blank card without unhooking 
the driving cord, and apply the pencil at successive intervals of 10 seconds 
until 2 minutes’ time or more has elapsed, thereby obtaining a dozen or 
more indications in the time covered. This tends to insure the determina- 
tion of a fair average for that period. In taking diagrams for variable 
loads, as indeed for any load, the pencil should be applied long enough te 
cover several successive revolutions, so that the variations produced by the 
auction of the governor may he properly recorded. To determine whether 
the governor is subject to what is called “racing” or “ hunting,” a varia 
tion diagram should be obtained; that is, one in which the pencil is applied 
au Sufficient time to cover a complete cycle of variations. When the gover 
nor is found to be working in this manner, the defect should be remedied 
hefore proceeding with the test. 


It is seldom necessary, as far as average power measurements are concerned, t« 


obtain diagrams at precisely the same instant at the two ends of the cylinder, 
or at the same instant on al] the cylinders, when there are more than on¢ 
All that is required is to take the diagram at regular intervals. Should the 
diagraims vary so much among themselves that the average may not be a fair 


one, it signifies that they should be taken more frequently, and not that spe 
cial care should be employed to obtain the diagrams of each set at precisely 
the same time When diagrams are taken during the time when the engine is 


working up to speed at the start, or when a study of valve setting and steam 
distribution is being made, they should be taken at as nearly the same instant 


is practicable In cases where the diagrams are to be taken simultaneously 
the best plan is to have an operator stationed at each indicator This is de 
sirable, even where an electric or other device is employed to operate all the 
instruments at once: for unless there are enough operators, it is necessary to 


open the indicator cocks some time before taking the diagrams and run the 
risk of clogging the pistons and heating the high-pressure springs above the 
ordinary working temperature 


fo determine the power developed while an engine is starting from rest and 


ittaining working speed and working load, a number of diagrams should be 
taken in rapid suecession, the speed counted for each one, and the results 
veraged Ii the period of time thus covered on a commercial test is unduly 
ong ‘ to be an appreciable percentage of the total running time, this 
power should be included tn th verage for the whole run, due regard being 
had for tl time it is in operation In that event the total duration of ft) 
! hould be the whole time the thrott \ \ is open 


The most satisfactory driving rig for indicating is some form of well 
nade pantagraph, with driving cord of fine annealed wire leading to the 
indicator. The reducing motion, whatever it may be. and the connections 
to the indicator, should he so perfect as to produce diagrams of equa: 
ervgeth when the same indicator is attached to either end of the cylinder, 
ind produce a proportionate reduction of the motion of the piston at ever) 
point of the stroke, as proved by test. 


With a perfect working pantagraph, or similar apparatus, the equality in the 
length of diagrams taken with the same indicator at the two ends is sufficient 
indication of the substantial reliability of the reduction when the point of cut 
off on the diagram is not unusually short, say, not shorter than one-eighth 
When the cut-off is unusually short, the error produced by imperfect reducing 
motior stretch of cord, or otherwise, becomes a comparatively large item, 
and one which for accurate work should be allowed for To test the accuracy 
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In the latter case, extreme 


than tv have a mathematically accurate fil 


care and frequent cleanings are required to obtain good diagrams 
appearance of want of free 
ragged or serrated line in the 
indication that the pis 
state of things is 


hould be accepted in which there any 
of the mechanism \ 
compression lines is a 
sticks ; and when thi 


No diagrams 
dom in the 
f the expansion o1 


egion of 


movement 
sure 


or some part of the mechanism 

evealed the indicator should not be trusted, but the cause should be ascer 

ained and a suitable remedy applied. Entire absence of wire drawing of the 

team line, and especially a sharp, square corner at the beginning of the stean 
however desirable and satisfact 


looked upon with suspicior 
produced by an indi 


should be 


in 
these features might otherwise be These are freque 
tor which is defective owing to want of freedom in the mechanism An in 
dicator which is free when subjected to a steady steam pressure, as it is und 
test the springs for calibration, should be able to produce the same hor 
ta n substantially th ime fter pushing the pencil down witb th 
linger, as that traced ter pushing t pen ip and ibsequently tapping 
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another pressure 
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therefrom before 
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lor each required pressure the 
ock a number of times in quick succession, 
for the desired record, observing the gage or other standard at the same 
tnken immediately after 


nstant A corresponding atmospherie ling s 
wards 
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for the average scale 
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exists during the trial 
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APPENDIX NO. 19 


FRICTION BRAKES 


A self-adjusting rope brake is illustrated in Fig. 10* in which it will be 
seen that if the friction at the rim of the wheel increases, it will lift the 
weight A, which action will diminish the tension in the end B of the rope, 
and thus prevent a further increase in the friction. The same device can 
be used for a band brake of the ordinary construction. Where space below 
the wheel is limited, a cross bar, C, supported by a chain tackle exactly at 
its central point, may be used as shown in Fig. 11*, thereby causing the 
action of the weight on the brake to be upward. A safety stop should be 





A 
AS CS. | 
Fics. 10 anp 11 Rope BRAKES 
used with either form, to prevent the weights being accidentally raised 
more than a certain amount 
A water-friction brake is shown in Fig. 12 [t consists of two circulal 
disks, 1 and B, attached to the shaft C, and revolving in a case FE. between 


} 


fixed planes. The space between the disks and planes is supplied with 
running water, which enters at J) and escapes at the cocks F’, G, and H 
The friction of the water against the surfaces constitutes a resistance 
which absorbs the desired power, and the heat generated within is carried 
away by the water itself The water is thrown outward by centrifugal 


action and fills the outer portion of the case. The greater the depth of the 


* Reproduced from Trans. Am. Soc. M. E., vol. 24, pp. 739 and 740, figs. 119. 120, 121 
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ring of water, the greater the amount of power absorbed. By adjusting 


suitably the amount of water entering and leaving any desired powe) 
can be obtained. 

Another form of water brake is that shown in Fig. 18, which is used b) 
the Westinghouse Machine Company for large turbines. In this brake the 
shaft is carried in two bearings and is coupled to the turbine shaft. The 
revolving paddle wheel or “ runner” is designed to run in very close clear- 


ance with the serrated-rim piece. The outer casing of the brake maintains 


7 Pe ee sol 








Fic. 12 Water BRAK! 


its accurate position surrounding the runner by means of carefully con 


structed bearings. To this casing is rigidly attached the lever arm, made 
of such length as to facilitate ready calculation rhe little roller wheel o1 
the end of the arm bears upon platform scales which weigh the 


Water is introduced through a hose connection 


ond 
at the opening marked B 
rhe water enters the interior of the runner, is thrown out by centrifuga 
force through small holes drilled in the rim into the outer teeth spaces 
where a resistance is created, and it escapes with difficulty through the 
close clearance around the outside of the runner, finally discharging at the 
Lottom through openings C (Fig. 12) and © (Fig. 13), where it runs to waste. 
For a description of the Alden water brake, see the paper on An Auto 
matic Absorption Dynamometer 
The application of water brakes for making field tests of waterwheels is 
shown in Professor Allen’s paper on The Testing of Water Wheels After 
Installation.’ 


Geo. I. Alden Trans. Am. Soc. M. E., vol. 11, p. 958 
*C. M. Allen. Trans. Am. Soc. M. E., vol. 32, p. 275. 
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APPENDIX NO. 20 


DYNAMOMETERS 


A form of dynamometer for measuring the power transmitted from an 
engine to a mill shaft is well illustrated in principle by the Webber bal 
ance dynamometer, shown in Vol. 4 of the Transactions In this ap 


paratus, which consists essentially of a compound gear, the intermediate 


gear is carried by a weighted arm, which is free to rise and fall, accord 
ing to the amount of force transmitted. The power is determined from 
the net weight thus lifted. 

Another form which is useful for mill purposes is the belt dynamometer, 
the principle of which is shown in Fig. 14 {1 is the driving pulley and B 
the driven pulley. The connecting belt passes over the dynamometer pul 
eys C and D. These two pulleys are mounted on a frame carrying a scale 
beam F', all of which turns on the center FE. The difference in the tota 
strain on the two sides of the belt is computed by multiplyiug the net 
weight on the heam by the leverage, the latter being found by dividing the 








Fic. 14 rt DYNAMOMETER 


length of the beam by the distance from the center E to the centers of pul 
leys C and D. 

The shaft dynamometer consists of the following essential parts: a long 
tube encircling the shaft and made fast thereto at one end, being free at 
the other end and maintained in alignment by adjustable rollers; two 
radial arms, one attached to the shaft and the other to the free end of the 
tube, which rotate a slight amount with reference to each other, according 
to the twist of the enclosed length of shaft: and a set of levers which 
multiply this rotative movement and at the same time convert it into linear 
motion, which is transmitted to a sleeve and collar mounted upon the shaft 
and sliding thereon ‘These parts all revolve w ith the shaft An indepen 
dent indicating apparatus is provided, which is mounted on a stationary 
frame, and the sliding movement of the rotating collar is transmitted 
through it to an index hand. The torsional strain is determined from the 
reading of the accompanying scale, which is graduated to millimeters 

The zero reading is found by disconnecting the propeller and turning the 
shaft at a slow speed, first in one direction and then in the other, observing 
the indication in both cases, and fixing the point of zero strain at the mea: 
of the two. When it is impracticable to disconnect the propeller the read 


S. S. and W. O. Webber. Trans. Am. Soc. M. E ol. 4, p. 227 
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ings may be taken when the vessel is drifting under her own headwa) 
after shutting off steam. The calibration of the instrument, which can 
best be done when the shaft is in the shop before installation, is carried 
on by securing the shaft in a fixed position, and applying a torsional 
strain by means of weights at the end of a lever attached beyond the 
dynamometer, taking readings with a number of different weights 

The horsepower shown by the dynamometer is determined by multip!) 
ing the reading of the instrument expressed in millimeters by the numbei 
of revolutions of the shaft per minute, and by a constant determined from 
the calibration noted, the constant being an expression for the horsepowe 
corresponding to 1 r.p.m. and a reading of 1 mim. 

A shaft dynamometer requires delicate manipulation, a load of 500 h.p 
in some instruments Causing a movement at the end of the two arms of 
only 1/100 of an inch. 

The locomotive dynamometer, as formerly designed, consists essentially 
of one or more strong helical springs placed between the drawbar of the 
locomotive and the train, and the distance which the spring is extended 
furnishes a measurement on an appropriate scale of the amount of fore 
transmitted, and thereby the amount of power. ‘The strain on the spring 
is transmitted through mechanism to a registering apparatus placed in the 
dynamometer car, and a continuous record is made upon a strip of paper 
traveling at a definite rate of speed. The apparatus used by 
vania R. R., the Chicago, Burlington and Quincey R. R.., 
Milwaukee and St. Paul R. RR. are shown in 


the Pennsy! 
and the Chicago 
the cuts give On yRriges 
1529 to 1334 of Transactions, Vol. 14 

The latest form of dynamometer car makes use of oil plungers in place 
of springs, and employs oil transmission for the recording de 


APPEADIX NO. 21 


USE AND CALIBRATION OF ELECTRICAL INSTRUMENTS 











To determine whether the readings of any instrument are disturbed by 
stray fields, the instrument is turned bodily through an angle of 180 deg 
If there are stray fields, the change of position will change the reading 
in which case the instrument should be moved to some other point wher 


the reading is found to be unaffected 


The proper methods of connecting wattmeters ji Wlyphase alternating 
current systems are shown in Figs. 15 and 16. The former refers to 1 
phase and the latter to three-phase systems In Fig. 15 there are fou 
cables, designated A, B, @, and DP. arranged in two pairs. or one pair for 
each phase. Each wattmeter is connected to its respe e pair of cables 
the current coil being in series with one of the two cables, and the potential 


eoil in parallel with the load or bridging the two cables. In Fig. 16 ther 
are three cables, which for corvenience are designated by the letters Y, ) 
and Z. Meter W, is connected to the phase represented by the cables 
Y and Y, and meter W, to that represented by the cables Y and Z. The 
current coil of the former is connected in series with cable Y, the potential 
coil bridging Y and } The current coil of the latter is connected it 


series with cable Z, the potential coil bridging Y and Z. The connections 
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shown are elementary; transformers and other equipment usually em- 
ployed in actual installations beiug omitted. The total output is the arith- 
metical sum of the quantities indicated by the two meters for a two-phase 
system, and the algebraic sui for a three-phase system. 

The power factor is the proportion borne by the true power or kilowatt 
output as shown by wattmeters, to the apparent power or kilovolt-ampere 
(ky. a.) output determined from the readings of the voltmeters and am 
meters. In a single-phase system the kv.a, output is found by multiplying 
the volts by the amperes and dividing by 1000. In a two-phase system it 
is found by multiplying the volts by the amperes in each phase, adding 
the two products together, and dividing by 1000. In a three-phase system 
it is ascertained by multiplying the ayerage volts of the three circuits by 
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the average amperes of the three circuits, multiplying the product by the 
constant 1.73, and dividing by 1000, 

In a three-phase system which is balanced (that is, when there is an 
equality of amperes and volts in all three phases), the power factor may 
also be determined by referring to the curve shown in Fig. 17. in-which 
abscissae represent the proportion borne by the readings of the two watt 
meters, and ordinates the corresponding power factor 

When the power factors in a three-phase system is 100 per cent, both 
wiattmeters indicate the same quantity. When it is less than 100 per cent, 
one of the meters indicates a larger quantity than the other, the one 
showing the larger quantity giving positive readings, and the other either 
positive or negative readings. The latter become negative when the power 
factor falls below 50 per cent. To determine whether the smaller reading 

to be considered negative or not, disconnect the potential circuit of the 
meter showing the smaller reading from the cable Y (referring to Fig 
16). and connect it to the opposite outside cable so that this circuit wi 
bridge the two outside cables. If the meter reverses, i.e.. if the index hand 
falls back to the zero point and rests against the stop, the readings taken 
with the meter in its working position must be considered negative. If it 
does not reverse, the readings are both positive. 

A watt-hour meter can best be calibrated by reference to an indicating 
wattmeter, in accordance with the following directions 
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LPPENDIX NO) 22 


WATER RHEOSTATS 


rheostat. suitable for 


of the three-phase alternati 


for each phase, placed 


one 
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each of which a sufficient amount of cooling water is allowed to flow to 
prevent boiling; salt being added to the water as may be needed to lower 
its resistance. A fixed terminal is provided consisting of three connected 
iron plates, one of which is laid on the bottom of each cask. A movable 
terminal is provided for each phase, consisting of a piece of 2-in. standard 
iron pipe, 4 to 6 ft. in length, suspended vertically in the water at the 
center of each cask. Each pipe is arranged to be raised or lowered at will, 
so as to regulate the depth to which it is immersed, and thereby the output 
for that phase. By varying the relative immersion of the pipes, an equal 
distribution of the current may be obtained between the three phases. 

Another arrangement consists of a tank, the size of which equals that 
of the three casks combined, the pipes being located a suitable distance 
apart and a single plate being used for the fixed terminal] 

When a larger amount of current than 500 kw. is generated, the size of 
the tank and terminals may be proportionately increased, and at the same 
time provision made for introducing the cooling water so as to flow along 
the surface of each pipe and overcome or reduce the tendency to local 
ebullition. 


fhe changes of resistance due to variations in the strength of the salt solution 
depth of immersion of the terminals, and temperature of the water, are such 
that constant attention is required to maintain uniformity in the output wit! 
this kind of rheostat When uniformity is desired without such attention a 


} 


rheostat may be constructed which embodies the principles re ferred to in th 
description of the apparatus used for a direct current rheostat, which is giver 
on Page 1701 
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APPENDIX NO. 24 


LOCATION OF INSTRUMENTS FOR BOILER TESTS 

(a) The feedwater thermometer should be placed in a thermometer 
well and inserted in the feed pipe. Except in cases where an injector 1s 
used, the point selected should be as near as practicable to the boiler. 
Where an injector is employed, and the water is weighed or measured be 
fore it is supplied thereto, the well should be placed on the suction side of 
the injector, and the injector should receive steam through a short covered 
pipe connected directly to the boiler under test. If the steam is taken from 
some other source and it is of different pressure and different quality from 
that of the boiler under test, correction should be made for such differ- 
ence, and especially for any excessive moisture thus introduced into the 
feedwater. When the temperature of the water changes between the in 
jector and boiler, as by the use of a heater or by excessive radiation, the 
temperature at which the water not only enters and leaves the injector, 
but that also at which it enters the boiler, should all be taken. In that 
case, the weight to be used is that of the water leaving the injector, com 
puted from the heat units if not directly measured and the temperature, 
that of the water entering the boiler. The weight of condensed steam to 
be added to the weight of water entering the injector, to obtain that leav 
ing the injector, may be computed by multiplying the weight entering by 
the proportion 


h h, 
hz h 
n which 
i heat units per lb. of water entering injector 
heat units per lb. of steam entering injector 
h heat units per Ib. of water leaving injector 
(b) The location of the steam calorimeter and steam thermometer 
should be as close to the boiler as possible, keeping in mind the directions 
given on page 1713. 
(c) Draft gages should be attached to each boiler between the hand 
damper and the boiler, and as near the damper as practicable In the case 
of a plant containing a number of boilers, a gage should also be attached 


to the main flue between the regulating damper and the boiler plant. It 
s desirable also to have gages connected to the furnace or furnaces of 
the boilers, and in cases of forced blast, to the ashpits and blower ducts. 
if there is an economizer in the flue a gage should be connected to the flue 
at each end of this apparatus. The same draft gage may be used for all 
the points noted, provided suitable pipes are run from the gage to each, 
arranged so as to be readily connected to either point at will 

(d) The flue thermometer should be located where it will show the 
average temperature of the whole body of gas. For an extremely large 
flue the thermometer may be placed in an oil pot of small diameter, which 
is suspended in the flue, and the thermometer lifted partially out of the 
oil when the temperature is read 

(ce) The sample for flue gas analysis should be drawn from the region 


near the center of the main body of escaping gases, and the point selected 
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should be one where there is no chance for air leakage into the flue, which 
could affect the average quality In a round or square flue having an area 
of not more than one-eighth of the grate surface, the sampling pipe may be 
introduced horizontally at a central point, or preferably a little bigher 
than the central point, and the pipe should contain perforations extending 


the whole length of the part immersed and pointing toward the current of 


gas, the collective area of the perforations being less than the area of the 


pipe. 


APPENDIX NO. 25 


DETERMINATION OF TIEAT CONSLMPTION OF ENGINES ANI 
TURBINES 


The measurement of the heat Consumption requires the measurement 
each supply of feedwater to the boiler—that is, the water supplied by the 
main feed pump, that supplied by auxiliary pumps, such as jacket wate 
water from separators, drips, etc., and water supplied by gravity or othe! 


means; also the determination of the temperature of the water supplied 


from each source, together with the pressure and quality of the steam 
The temperatures at the various points should be those applying to the 


working conditions. It trequently happens that the measurement of the 
water requires a chalice i the usual temperature of SUP] kor ey Lipole 
where the main supply is ordinarily drawn from a hot-well in which the 


temperature is, say 100 deg. fahr., it may be necessary, owing to the low 


level of the well, to take the supply from some source under a pressure o1 
head sufficient to fill the weighing tanks used, and this supply may have a 
temperature much below that of the hot-well; possibly as low as 40 deg 
fahr. The temperature to be used is not the temperature of the water as 
weighed in this case, but that of the working temperature of the hot-well 
The working temperature in cases like this must be determined by a specia 


test, and included in the log sheets 


In determining the working temperatures, the preliminar or subsequent test 
should be continued a sufficient time to obtain uniform indications, and suc! 
as may be judged to be an average for the working conditions In this test 
it is necessary to have some guide as to the quantity of work being done, and 
for this reason the power developed by the engine should be determined by ob 
taining a full set of diagrams at suitable intervals during the progress of the 
trial, and in a turbo-generator, the output of the generator should be observed 
Observations should also be made of the gages connected with the plant and of 
the water levels in the boilers, the itter being maintained at a uniform point 
so as to be sure that the rate of feeding during the t is not sensibly differ 


ent from that of the main test 
When the feedwater i ill supplied by one feeding instrumen the temper 

ture to be found is that of the water in the feed pipe near the point where it 
enters the boile: If the water is fed by an injector this temperature is to be 
corrected for the heat added to the water by the injector, and for this pur 
pose the temperatures of the water entering and of that leaving the injector 
are both observed. If the water does not pass through a heater on its way to 
the boiler (that is, that form of heater which depends upon the rejecting nant 
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of the engine or turbine, such as that contained in the exhaust steam either of 
the main cylinders or turbine or of the auxiliary pumps) it is sufficient, for 
practical purposes, to take the temperature of the water at the source of sup 
ply, whether the feeding instrument is a pump or an injector. 

When there are two independent sources of feedwater supply, one the main 
supply from the hot-well, or from some other source, and the other an auxil 
iary supply derived say from the water condensed in the jackets of the main 
engine and in the live-steam reheater, if one be used, they are to be treated in- 
dependently. The remarks already made apply to the first, or main, supply. 
The temperature of the auxiliary supply, if carried by an independent pipe 
either direct to the boiler or to the main feed pipe near the boiler, is to be 
taken at a convenient point in the independent pipe. 

When a separator is used in the main steam pipe, arranged so as to dis 
charge the entrained water back into the boiler by gravity, no account need 
be made of the temperature of the water thus returned. Should it discharge 
either into the atmosphere to waste, to the hot-well, or to the jacket tank, its 
temperature is to be determined at the point where the water leaves the sep 
arator before its pressure is reduced 

When a separator is used, and it drains by gravity into the jacket tank, 
this tank being subjected to boiler pressure, the temperatures of the separator 
water and jacket water are each to be taken before their entrance to the tank 

‘The heat to be determined is that used by the entire engine or turbine 
equipment, embracing the main cylinders or turbine and all auxiliary cy! 
inders and mechanism concerned in the operation of the engine, including 
the air pump, circulating pump, and feed pumps, also the jacket and re- 
heater when these are used. No deduction is to be made for steam used 
by auxiliaries unless these are shown by test to be unduly wasteful. In 
this matter an exception should be made in cases of guarantee tests where 
the engine contractor furnishes all the auxiliaries referred to. He should, 
in that case, be responsible for the whole, and no allowance should be made 
for inferior economy, if such exists. Should «a deduction be made on ac 
count of the auxiliaries being unduly wasteful, the method of waste and 
its extent, as compared with a standard of known value, should be definitely 
noted 

The steam pressure and the quality of the steam are to be taken at some 
point conveniently near the throttle valve. The quantity of steam used by 
the calorimeter must be determined and properly allowed for. 


APPENDIX NO. 26 


BRITISH STANDARD OF ENGINE ECONOMY 


rhe British standard, which gives the heat consumption per minute per 
unit of power, relates to the heat calculated from an assumed temperature 
of the feedwater, which is taken as that corresponding to the back pressure 
steam, allowance being made for heat derived from the drips of jackets, 
reheaters, etc. 


({s to the adaptability of the British standard, as compared with the standard 
given in this code, it should be borne in mind that the practical utility of an 
engine depends almost wholly upon the fact that it is used for some form of 
industrial work, and, in combination with a boiler and various appurtenances, 
it is a part of a complete power plant. Were it not for the unreliable charac- 
ter of coal and other fuels, the proper standard of economy for such an engine 
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with a boiler of given efficiency, would be the fuel consumed, because fuel is, 
in reality, the source of the power, and this is the most important thing to be 
supplied in operating the engine. The use of a standard of heat units in place 
of fuel, meets the objectionable characteristics of coal due to its heat variabil 
ity, and in doing this it makes no change in the conditions under which the 
standard should be employed. These are the actual conditions of use, and not 
the ideal conditions. The British method furnishes a means of determining 
and stating the ideal performance of an engine working under assumed condi 
tions. It does not give the performance of the entire engine plant under the 
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Fie. 19 ACTUAL DIAGRAM RECEIVER ENGINE 


actual conditions as affected by the efficiency of the heaters and auxiliaries, 
although the performance under such conditions is usually of the greatest im 
portance 

rhe British standard is useful in the following particulars 

(1) It expresses the economy of the engine as an independent ma 
chine, unaffected by the failings of the feedwater heater or condenser 

(2) In this form, it is useful for expressing the economy of an 
engine in the testing shop of an engine builder, or in the mechanical 
laboratory of a college, where it forms no part of a power plant. 

(3) A comparison of the British standard with the economy of an 
ideal engine working between the same limits of temperature reveals 
those losses going on which are due to the engine alone, and this fur- 
nishes information not otherwise obtained. 


Nore: A method of studying cylinder performance by means of logarithmic dia 
grams has been proposed by J. Paul Clayton. See The Journal, Am. Soc 
M. E., April 1912. 
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APPENDIX NO. 27 


THE COMBINED DIAGRAM 
The Combined Diagram is a hypothetical figure, which in 


its essential 
features represents an indi 


ator diagram which would be obtained if the 
whole process of admission, expansion and exhaust occurred in one cylin 
is a diagram from which the pres 


point in the stroke of either cylinder, and the 


der, viz., the low-pressure cylinder. It 
sure of the steam at any 
volume of that steam can be measured from one diagram, in the same man 
ner that it can be measured in the case of a single cylinder engine from 
the actual indicator diagram 


Che general method of laying out a combined diag how learly in Figs. 19 
to 22*, the first of which refers t Cc iss compound engine (receiver type) ir 
which the cylinder ratio is 3.72, and the clearance 4 per cent and 8 per cent 
respectively, and the second to a Westinghouse compound engine (Woolf type) 
in which the cylinder ratio is 2.7 nces 


2, and the cleat 33 per cent and 9 per 
ent, respectively 


APPENDIX NO, 28 


DIAGRAM FACTOR 


The diagram factor is the proportion borne by the mean effective pres 
sure measured from the actual diagram to that of an ideal diagram which 
represents the maximum power obtainable from the steam accounted for 
by the actual diagram at the point of cut-off; assuming first that the engine 
has no clearance; second, that there are no losses through 
the steam either during admission or release; 


is a hyperbolic curve; 


wire-drawing 
third, that the expansion line 
and, fourth, that the initial pressure is that of the 
boiler; and the back pressure that of the atmosphere for a 


non-condensing 
engine, and of the condenser for a condensing engine. 


rhe method of determining the diag ctor i lustrated in Figs. 23 to 26* 
which apply to a simple non-condensing engine, a simple condensing engine 
and a compound condensing engine In Fig. 23, RS represents the volume of 
steam at boiler pressure admitted to the cylind PR and OS being hyperbolic 


curves drawn through the compression and cut-off point espectively In Fig 


24 the factor is the proportion borne by the area of the actual diagram to that 
of the diagram CNHSK. In lig. 25 the factor is t 


ie proportion borne to the 


ire of the diagram CNHSK In Fig. 26 the fact is the 


proportion borne by 
the area of the two combined diagrams to tft} irea CNHSK In Fig. 24 where 
the diagram is the same as in Fig. 23, the distance CN is laid off equal to RS 
shown in Fig. 23, and the curve NH is a hyperb rred to the zero lines 
OM and MJ In Fig. 25 the distance CN is found in a similar way In Fig 
26 the distance CN for the high-pressure cylinder is found in the same manner 
as in the case of a simple engin« rhe mean effective pressure of the idea 
diagram can readily be obtained from the forn 
P 
- (1 + hyperbolic logarithm FR) p 
R 
where 
, absolute pressure of steam in boiler 
MJ 
R 
ON 
p pressure of atmosphere or that in condenser 


* Reproduced from Trans. Am. Soc. M. E., vol. 24, pp. 746, 748, 753, 754, figs. 123-126, 
130-133. 
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APPENDIX NO. 20 


HEAT ANALYSIS 


Reference may be made to standard textbooks 





COMMITTEE 


tor 


on thermodynamics 


detailed information regarding the methods to be pursued and the fol 
mulze to be used in working out the heat analysis in a steam engine re 
quired in research work. ‘he principles involved may be briefly sum 


marized as follows: 


A certain amount of heat is supplied to the engine in a 
resented by the number of lb. of steam supplied, nu 
A part of this heat is used in the jacket, if one 
passes through the cylinde: hat entering the jac 
tion from the outside surface. 
the cylinder and is taken up by the steam within it 
within the cylinder consist, first, of the 


be 


transfe1 


of 


given time, and this is rep 
1ultiplied by its total heat 
employed, and the balance 
ket is lost partly by radia 


and the remaining portion enters the walls of 


The operations going o1 
a portion of the entering 


heat into a small portion of the thickness of the walls of the cylinder, heating 
them to the temperature of the entering steam rhis transfer of heat is most 
active during the period of steam admission and up to the point of cut-off 
\fter the cut-off, the transfer continues until the lower pressure due to expan 
ion reaches such a point that the temperature of the steam is below that of 
the interior surfaces last uncovered hen the interchange of heat is reversed 
and the metal gives up heat to the steam and causes what is known as re 
evaporation of the particles of water on the surface of the cast-iron walls and 
piston. The giving up of heat from the small thickné of the surfaces which 
were heated during admis n begir afte! t-off tak plac 

explicit, after the pressure begins to fall, and ntinues during the « ir 
troke Heat is also give off fr meta he cylinder to the st 
due to the higher tempe ire of the jacket, if any be used, and this o 
throughout the whole stroke issuming, it is usually true, that the 
pressure of steam in the jacket is greater than that in the cylinde: 

There is another action going on in the cylinder and that is the loss of heat 
due to the performance of work There is also a loss of heat, due to radiatio 
from those portions of the cylinder not protected by the jacket. The quantity 
of heat remaining after the team has been subjected to these various cor 
plicated actions is that which passes out with the steam through the exhau 
valve and is thereby rejected,’ as it is termed, to the condenser or to 
atmosphere. The heat analysis determines the amount of heat which is us 


and transferred in these 
various percentages which thes« 
supplied. 


amounts bear to 
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TEMPERATURE-ENTROPY DIA 








The study of the heat analysis is facilitated by 


ture-entropy diagram, in which 


areas represent qu 


ordinates being the absolute temperature and entre 
shown in Fig. 27*. 


When the quantities given in the steam tables 


AA and BB, are obtained, which may be te1 





Am 


* Reproduced from Trans Soc. M. E., vol. 24, p. 758. fig 








various actions during the time in question, and t 


the total quantity 
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the use of the tempera 
antities of heat, the co 
is 


py. Such a diagram 


are plotted, two curves, 


‘med the water line and 
the steam line, AA being the logarithmie curve if the specific heat 
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of the water is taken as constant. The diagram refers to a unit 

weight of the agent. The heat necessary to raise a pound of water 

from the temperature ma to the temperature pa’ and evaporate it at 

that temperature is represented by the area aa’b’qm. If the steam 

be now expanded adiabatically the temperature will fall to qs and a 
as 

per cent : will remain as steam, the rest being liquefied. If the 
ab ‘ 

steam is now rejected, it carries away with it the heat sqma, the 
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work area being a’b’sa, from which must be deducted the work % 
(expressed in heat units) to pump a pound of water into the boiler 
The efficiency of this cycle is evidently 
h+ Lb, — cL— u 
h+UL, 
in which 
ar+a’d’ y, & 


ab 
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By the action of the walls a portion of the steam is liquefied prior to the 
























expansion, which therefore begins at ec, and since the cooling action 
of the walls continues, the expansion line falls off to ef, from which 
point a reverse action takes place, and the expansion line bends over 
to g. Finally, since the release takes place before the condenser 
temperature is reached, the heat rejection starts at yg, following a 
line of equal volume until the exhaust port temperature is reached at 
j. If heat is added during expansion enough to keep the steam theo 
retically saturated, as, for example, by a water jacket, such addi 
tional heat is represented by the area b’bng, and the additional work 
obtained by the triangle b’bs. If the steam is superheated suffi 


ciently to give by expansion theoretically dry steam at the end, 
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such additional he: 


t is represented by the area b'vng and the add 
tional work by b’vbs. Neither of these extra amounts of work are 
realized in practice, and it is evident from the diagram that the 
heat thus applied is in both cases less efficient than in the principa 
cycle. Nevertheless the action in each case is to bring the point « 
nearer the point b’, and to effect a notable net economy. 

The Carnot cycle would be obtained if in the Rankine cycle the 
rejection of heat were stopped at r, and the temperature of the mix 
ture raised to a’ by compression. This cannot be practically accom 
plished, but a system of feedwater heaters has been suggested and 
exemplified in the Nordberg engine, which is theoretically a close 
equivalent to it. Where steam is expanded in, say, three cylinders 
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the feedwater may be successively heated from the receiver inter 
mediate between each pair, the effect of which is illustrated in Fig. 


28*. The expansion line follows the heavy line, being carried over to 


B.T.U's een 
HP. 
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SUPERHEAT CORRECTION 





Fie. 29* Heat Units EXPENDED PER I1.H.P. PER MINUTE BY IDEAL STEAM 


ENGINE CONFORMING TO RANKINE CYCLE 
y by the first feedwater heater and to y’ by the second feedwater 
heater. With an infinite number of such feedwater heaters, the line 
yy’ would be parallel to aa’, and the cycle equivalent to that of Car- 
not. 


* Reproduced from Trans. Am. Soc. M. E., Vol. 24, pp. 759, 761, figs. 135, 136 
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APPENDIX NO. 3 


RATIO OF ECONOMY OF AN ENGINE TO THAT OF AN IDEAL 
ENGINE 


The ideal engine is assumed to be the same as that used for the British 
Institution of Civil Engineers Standard. It is one which conforms to the 
Rankine cycle, in which an ideal cylinder with no clearance is used. Steam 
is admitted at constant pressure and expanded adiabatically to the back 
pressure. 

The ratio desired is obtained by dividing the heat consumption of the 
ideal engine by that of the actual engine 

To facilitate the determination of this ratio the heat consumption of the ideal 

engine may be obtained from the chart given in Fig. 29 which is copied from 
the Proceedings of the Institution of Civil Engineers. In this chart ta repre 
sents the temperature of saturated steam at the boiler pressure in deg. fahr 

tsa that of the steam furnished to the engine should there be superheating ; 
te that of the exhaust. The heat units consumed per minute per i.b.p. can be 
read off directly from the curves given in the upper portion of the diagram ; 
thus if the temperature of the exhaust (te) is 212 deg. fahr., and the tempera 


ture of the steam at boiler pressure is 350 deg. fahr., the heat consumption is 
265 heat units per i.h.p. per minute If the steam is superheated, the quan 
tity is corrected by employing the factor obtained from the lower part of th 
diigram. Opposite the temperature of saturation corresponding to the pre 
sure in the boiler, and on the curve corresponding to the temperature supe! 
heated steam (fas) is found a coefficient This coefficient multiplied by the ex 
haust temperature, and by the heat consumption per minute, gives the dedu 
tion to be made on account of the superheating Thus, if the temperature 
the superheated steam is 500 deg. fahr. in the case noted, we find opposit« 
350 deg. for ta, and on the curve for tas 500 deg., the coefficient 0.00015 
she correction is 0.00015 212 265 8.5 B.t.u., and the heat consumptio1 
with superheated steam is 265 8.5 256.5 B.t.u. per i.h.p. per minute 


APPENDIX NO, 32 


LEAKAGE TEST OF INSIDE PLUNGER PUMP 





The leakage of an inside plunger is most satisfactorily determined by 
making the test with the cylinder head removed. A wide board or plank 
may be temporarily bolted to the lower part of the end of the cylinder, so 
as to hold back the water in the manner of a dam, and an opening made 
in the temporary head thus provided for the reception of an overflow pipe. 
‘The plunger is blocked at some intermediate point in the stroke (or, if this 
position is not practicable, at the end of the stroke), and the water from 
the force main is admitted at full pressure behind it. The leakage escapes 
through the overflow pipe, and it is collected in barrels and measured. 
Should the escape of the water into the engine room he objectionable, a 
spout may he constructed to carry it out of the building. Where the leak 
age is too great to be readily measured in barrels, or where other objec 
tions arise, resort may be had to weir or orifice measurement, the weir or 
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orifice taking the place of the overtlow 


should be made, 


In a case where it is difficult 


to remove the cylindet 


187] 


i 


pipe in the wooden head Lhe test 


f possible, with the plunger in various positions 


head, it may be de 


rable to take the leakage from one of the openings provided for the il 


spection of the suction valves, 
It that 


ondition which 


here assumed there is 


ot 


is 


things ought to 
pulps. 
ccurs and it is found to be 


before making the plunger test. 


a practical absence of val 


due to disordered valves, it 


Leakage of 


the head remaining in place. 


se 


leakage, a 


be attained in well-constructed 


aii 


Examination for such leakage should be made first of all, and if it 


should be remedied 


the discharge valves will be 


shown by water passing down into the empty cylinder at either end when 


hey are under pressure. Leakage of the suction valves will be shown by 
he disappearance of water which covers them. 

if valve leakage is found which cannot be remedied, the quantity of wate! 
thus lost should also be tested. The determination of the quantity which 
eaks through the suction valves, where there is no gate in the suction pipe 
uust be made by indirect means. One method is to measure the amount of 
water required to maintain a certain pressure in the pump cylinder when 
his is introduced through a pipe temporarily erected, no water being a 

ed to enter through the discharge valves of the pum) 

APPENDIX NO. 33 
LOCOMOTIVE TESTING NEATIONS 

Phe shop tes leseribed he Locomy ve Con t readily be made 

ess a testing station is available where thi no ¢ mav be sent. and 

ere this worl nay be carried on Such stil s oOo expensive to 

constructed for the purpose tf auscertainmg the errorimahes f an indi 

lnal locomotive llow to arrange d instal shop-testing plant seems 
erefore a matter for independent consideratior 

A number of universities have these plants in use or process of insta 

on, a notable instance being the Purdue University, which was the first 

naugurate the shop test 

The most elaborate work that is recently beet lone e shop 
esting line is that which was carried on in 1904 by the Pennsylvania Ra 

ad Company at the Louisiana Purchase Exposition, St. Louis A full 
escription of the plant there installed, and of the tests made upon it may 
e found ina volume published in 1905 DD that co pany. ent tled Locomeo 

e Tests and Exhibits \ study of this hook is commended to anv who 
require detailed information regarding the design onstructior nd oper 

on of shop-testing apparatus, The plant nd tests referred to were 

nned under the counsel of an advisory board, three of whom were men 
ers of the Society 
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APPENDIX NO. 34 


LOCATION OF APPARATUS AND INSTRUMENTS FOR LOCOMOTIVI 


The 


TESTS 


t 


location of apparatus and instruments in a shop test do not need to 


conform to restrictions of space such as pertain to road tests, and sub 


stantially the same considerations apply in that case as in the ordinar; 


stationary steam plant Reference may therefore be made to the Boil 


and Engine Codes for any needed instructions in this matter. 


As to the locations and requirements for road tests, the following dire 


tions should be observed: 


(1) 


(6) 


The water meter should be attached to the suction pipe of the 
injector at a point where it can be conveniently read when the trail 
is in motion. A check valve should be provided to prevent hot water 
backing through it when starting and stopping the injector, as also : 
strainer. 

The indicator driving rig should be some form of pantograph mo 
tion, with a light rod transmitting the reduced motion to a point nea! 
the indicator. Lack of room and facility of operation make it de 
sirable to use a single indicator for each cylinder, connected to th 
two ends by a three-way cock. It is best to carry the pipes to the 
side of the cylinder rather than the heads, and provide a brancl 
leading to the steam chest, sharp bends being avoided, and the out 
side protected from radiation. Absolute rigidity of the indicator 
cock is essential, and it should be obtained by clamping it securel) 
to the cylinder. 

A special steam gage should be employed which can be read by th: 
observer stationed in the pilot box at the front end. 

A rod should he attached to the reverse lever and carried 
ward to the pilot box, where a scale is provided to show its positio1 
A rod should likewise be connected to the throttle-valve lever for 
the same purpose. 

The draft gage may be a simple U-tube containing water, and 
can best be placed in the pilot box. A rubber tube connection shou 
be provided which may be attached at will to pipes leading to the 
smoke box and furnace. 

The flue thermometer should be one graduated to 1000 deg. fahr 
and inserted so that the bulb occupies a position below the tip of 
the exhaust nozzles and between them and the front tube plate of 
the boiler. 
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FOREIGN REVIEW 


Considerations of space make it impracticable to give equally 
full abstracts of all papers in foreign periodicals containing 
matter of interest to the American mechanical engineer. Not 
more than a few lines sometimes can be given to an article in the 
ForeigN Review. The editor would be glad, however, to receive 
inquiries for further information in connection with such short 
abstracts, and will so far as possible reply either by letter or 
by the publication of fuller abstracts in subsequent issues of Tut 
JOURNAL. Articles are Classified as « comparative; d descriptive; 
¢ experimental ; d general; h historical: m mathematical: p prac 
tical: ¢ theoretical. Articles of exceptional merit are rated A 
by the reviewer. Opinions expressed are those of the reviewer, 
not of the Society. 

The abstracts in the Foreign Review, with few exceptions (as 
in the case of articles running through more than one issue), 
are made from publications which have reached the Library 
of the Engineering Societies during the preceding month. Even 
with a selection thus limited to one month one cannot help being 
impressed by the wide range of investigation covered by Euro- 
pean laboratories and the readiness with which manufacturers 
on the other side of the water adopt the most modern methods 


THIS MONTH’S ARTICLES 

Besides notices of several investigations made in Holland and 
(rermany 1n connection with concrete and reinforced-concrete 
practice, there are given this month accounts of experiments with 
methods of treating boiler sheets to avoid initial stresses and 
eracking when assembling and riveting the boiler shell. Experi- 
ments upon gas velocity and energy of flow are also outlined. 

The results of such investigations are sometimes negative 
in character, as when it is shown that sulphur in fuel oil 
used in an internal-combustion engine does not injure it; or that 
a cheaper process or material may be used just as well as one 
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FOREIGN REVIEW 


Considerations of space make it impracticable to give equally 
full abstracts of all papers in foreign periodicals containing 
matter of interest to the American mechanical engineer. Not 
more than a few lines sometimes can be given to an article in the 
ForeEigGN Review. The editor would be glad, however, to receive 
inquiries for further information in connection with such short 
abstracts, and will so far as possible reply either by letter or 
by the publication of fuller abstracts in subsequent issues of TH 
JournaL. Articles are classified as ¢ comparative; d descriptive; 
é experimental; g general; h historical: m mathematical: p prac 
tical: ¢ theoretical. Articles of exceptional merit are rated A 
by the reviewer. Opinions expressed are those of the reviewer, 
not of the Society. 

The abstracts in the Foreign Review, with few exceptions (as 
in the case of articles running through more than one issue), 
are made from publications which have reached the Library 
of the Engineering Societies during the preceding month. Even 
with a selection thus limited to one month one cannot help being 
impressed by the wide range of investigation covered by Euro- 
pean laboratories and the readiness with which manufacturers 
on the other side of the water adopt the most modern methods. 


THIS MONTH’S ARTICLES 

Besides notices of several investigations made in Holland and 
Germany in connection with concrete and reinforced-concrete 
practice, there are given this month accounts of experiments with 
methods of treating boiler sheets to avoid initial stresses and 
cracking when assembling and riveting the boiler shell. Experi 
ments upon gas velocity and energy of flow are also outlined. 

The results of such investigations are sometimes negative 
in character, as when it is shown that sulphur in fuel oil 
used in an internal-combustion engine does not injure it; or that 
a cheaper process or material may be used just as well as one 
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more expensive, cast-iron pipes in economizers being as good 
as or better than wrought-iron ones, or slag cement practically 
equal to portland cement. On the other hand, new apparatus 
sometimes results from such experiments. For example, W. 
Gaede, from what appeared a purely theoretical investigation of 
external friction between gas molecules and the walls of a vessel, 
and the angle of rebound of the molecules, designed a new vacu- 
um pump, exceeding mercury vacuum pumps in speed and flexi- 
bility of operation. That manufacturers are not slow to take ad- 
vantage of experiments, is shown in the installation for testing 
materials of the Protos Automobile Company of Nonnendamm, 
which includes apparatus for metallographic and microphoto 
graphic tests and the application of the latest processes such as 
the Heyn etching process, and which not many universities in 
this country or abroad can equal for completeness. 

More and more space in engineering publications is being 
taken by new problems hardly mentioned a few years ago. Thus, 
whole issues last month were devoted to heavier-than-air flying 
machines by Der praktische Maschinen-Konstrukteur (no. 18) 
and Mémoires de la Société des Ingénieurs Civils de France 
(July), besides a large number of articles in other periodicals, 
one of which, by M. Rateau, from a paper read some time ago 
before the Association Technique Maritime, will be abstracted 
in the next number of Tuner Journat. Some attempts at solving 
another new problem, driving an internal-combustion engine on 
stored oxygen under the peculiar working conditions existing 
in asubmarine boat, are reported in this issue. 

Among articles of a theoretical character, attention is called 
to the continuation of Karl Mayer’s investigation on the theory 
of plunger pumps, and Professor Dwelshauvers-Dery’s very 
favorable criticism of J. Paul Clayton’s method of logarithmic 
indicator diagrams, presented at the Spring Meeting of the So 
ciety in Cleveland. Mr. Mayer is the author of an important 
work on the theory and design of plunger pumps and is con- 
sidered an authority on this subject in Germany. His article, 
together with the Borsig tests of duplex-spring valves in pumps, 
of which an abstract was given in the October issue of Tue 
JourNAL, form a noteworthy contribution to the theory of this 
type of machinery. 

Professor Dwelshauvers-Dery calls attention to the fact that 
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the usual steam engine indicator diagram made up of the head 
and crank diagrams does not at all represent the average condi- 
tions in the engine cylinder, and that, moreover, the law of 
compression of steam in the engine cylinder differs from that 
of expansion. It is a rather interesting fact, considering that 
the engineering world has been using the steam indicator, in 
one form or another, almost ever since the days of James Watt, 
that Prof. Dery, writing in the Revue de Mécanique, a highly 
technical publication, still finds it necessary to emphasize the 


necessity of certain precautions in using this instrument. 


Air Conditioning 

METHODS OF VENTILATION AND REFRIGERATION OF Exnecrric PLANTS 
(Procedés de ventilation ct de réfrigération des installations électriques 
Hf. Marchand. J///ndustrie électrique, vol. 21, no. 497, p. 397, September 
10, 1912. 3 pp. p). General discussion of ventilation and methods for 


keeping cool electric generating stations 


Air Machinery 

STEEL PLANT BLow1inG ENGtines Buitr spy LercAive & Cle (Machines 
soufiantes daciérics construites par la maison Leflaive & Cie. Le Génie 
Civil, vol. G61, no. 19, p. 3873, September 7, 1912. 4 pp., 10 figs. d) Recipro 
cating steam engines with two parallel cylinders, according to the author, 
are better adapted for driving blowers in steel plants than either steam 
turbines or gas engines: the blowing of a converter is an operation of 
only a few minutes during which the engine has to reach from zero, its 
Inaximum speed, and return to rest; the air pressure varies from 0 to 


5 kg, or 42.6 Ib. per sq. in., and the power developed from zero to thousands 


of horsepower. The reciprocating steam engine can satisfy better than 
any other motor the required conditions of intermittent working, rapid 
starting and stopping. working at constantly varying speed and output 


When the blowers are driven by gas engines, the problem is somewhat 
simplified by having the engine work all the time, though at various rates; 
but this is not economic, 

The described blower is provided with Hoerhbiger valves. The article con 
tains a detailed description of the Collmann steam engine with the Coll 


mann valve gear with catch. 


Fuels 


FABRICATION OF LEAN GAS BY Dry DISTILLATION OF SLUDGE FROM Seprie 


ranks (La fabrication de gaz paurvre pa distillation pyrogenese des boues 
de TOSSES septiques, IL. Cavel. Le Genie Ciril, vol. G1, no, 21 }). 418 Sep 
tember 21, 1912. 2 pp. g) Discussion of the question of disposal of the 


sludge from septic tanks first by drying it by exhaust steam from the 
pumping machinery, and then gasifying it for power purposes, Sludge gas 
is claimed to have a high calorific valne. The article does not report any 


actual application of this scheme 
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BRIQUETTING OF COAL WITH THE ADDITION OF NAPHTHALINE (Stein 
kohlenbrikettieruny mit Naphtalinzusatz, Grahn. Gliickauf, vol. 48, no. 
38, p. 1536, September 21, 1912. 1% pp., 2 figs. d). The first process 
used in Germany of coal briquetting with naphthaline as a binder was that 
of Buss-Fohr in which naphthaline was introduced together with super 
heated steam having a temperature somewhat higher than the boiling 
point of the naphthaline, the idea being that the naphthaline would 
evaporate, and thoroughly permeate the coal mass. ‘The temperature of 
the steam proved, however, to be too low, and no higher temperature could 
be used owing to the difficulty of handling in the presses masses that 
are too hot. 

The Shiiring process described in the present article avoids this diffi 
culty first by evaporating the naphthaline in a special gasifier, and then 
introducing it by steam pressure into the deeper zones of the coal dust. 
Tar is still used as a binder, but instead of 64% per cent required when 
no naphthaline is added, good briquettes can be produced with 414 to 5 per 
cent tar and only 0.38 per cent naphthaline. 

MEASUREMENT OF CoAL CONSUMPTION IN REVOLVING ‘TUBULAR KILNS 
BY FLUE Gas ANALYSIS (Messung des Kohlenverbrauches von Drehroh 
rofen durch Rauchgasanalyse. Tonindustrie-Zeituny, vol. 36, no. LOG, 
p. 1147, September 7, 1912. 3 pp. pt). Account of a paper presented by 
Dr. H. Kiihl at the last annual meeting of the Society of German Port 
land Cement Manufacturers on the determination of coal consumption of 
revolving tubular kilns. The determination of coal consumption by weigh 
ing the coal and clinker is unreliable, because the fuel has to be measured 
before entering the furnace, while the clinker is measured after leaving 
the furnace and rotary coolers. There is therefore a considerable period 
between the two measurements, and to obtain any reliable results the dura 
tion of the test must be so long as to make the time difference between 
the measurements comparatively insignificant. Each test would then be 
conducted for several days, during which a perfect uniformity of opera 
tion must be maintained, a thing manifestly difficult and inconvenient. A 
better way of estimating the consumption of coal has been found in flue 
zas analysis. 

The principle of the method consists in analyzing the mixtures of gases 
produced by the simultaneous process of combustion of a _ definite 
amount of coal and disoxidation of a certain amount of raw ma 
terial, and calculating from this analysis the ratio of the two processes, 
i. e. how much coal was required for the disoxidation of a given amount 


of raw material, or burning of a given amount of clinker. The following 
formula is deduced : 
K,V 
c= - —s 
K,.W—K,)\ 
where z is the number of kg of coal required to produce 100 kg of ash 
; 400 
containing clinker, such as leaves the kiln: A where m is the 
R OO- 


contents in per cent of CaCO, in the raw material, and n loss due to 
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b ad ¢ f 
burning; A, " — +-* , Where b is the content « irbon in the 


3 r 3 8 
coal, ¢ that of hydrogen, d of nitrogen, c of oxygen, and f of sulphur, all 
i per cent; a 0.262, the volumetric ratio of oxygen to nitrogen in air; 


bh nig 


K - , Where g is the content of ash in coal in per cent; 
3 25 (100-n) 
: t 

und finally J a&—dt >; ind W p+t, where p,q,s,t represent th 


contents, in per cent, in the flue gases of carbon dioxide, oxygen, nitrogen, 


and carbon monoxide respectively 


The following example is used to show ‘ mplicity of this method 
of determination From the analysis of the raw material and coal the 
following values have been obtained for the onstants: A 5200, A 31h 
K.==272. Hence 

5200} 
' 315W—272 
rom the gas analysis it was found in a special case t) p— 27.6, gq=—0.2 
t=—0.2, and s=72.0, all in per cent Hence 
V=—0.262 . T72.0—0.24+0.1=-18.8 
W=27.140.2=27.8 
bstituting these values in the formula for the fo s obtained 
5200 . 18.8 
z 26.8 Kg per 100 kg ike! 
315 . 27.8—272 .18.8 


Since in regular kiln operation the contents of carbon monoxide in 
the flue gases are negligible, t may be take! is equal to zero This not 
only considerably simplifies the formulae, but allows the use of the usua 
self-registering apparatus for the oxygen and carbon dioxide contents 
which, together with the simple analysis of coal, afford an easy and con 
venient method of controlling the coal consumption of rotary kilns, A 


full derivation of the above formulae is given in the article 


Hydraulics 

BLuge CoaL (La Jlouille bleu s. | La l niere ectrique, vo 19) 
no. 37, p. 340, September 14, 1912, 4 pp. 7¢) fhe French call waterpowe1 
White Coal, and Jules Severin, in his paper before the Dijon meeting of 
the French Association for the Advancement of Sciences, called by analogy 
the force of the tides Blue Coal. The author proposes to construct 
reservoir of about 1 km sq., and 7 to 14 m (25 to 46 ft.) deep, to take in 
water at high tide, and deliver it to water turbines later; the power is 
to be utilized according to the Taylor system used at the Rockland plant 

SHUTTING-OFF DeEvICES ACTUATED BY THE EXPANSION OF LIQUIDS 
(Absperrorgane durch den Auftrieb von Flissigkeiten betatigt, J. Fichtl, 
Gesundheitsingenicur, vol. 35, no. 36, p. 701, September 7, 1912. 6 pp 
13 figs. dg). General discussion of the principles of action of shutting-off 
devices, and description of some German types. The author investigates 
the mutual relations between the form of the float, its size and closing 
time and establishes, among other things, that the relation between the 
time and amount of liquid flowing out is represented not by a straight 
line, but by a logarithmic curve. 
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To THE DETERMINATION OF PULSATIONS IN THE Foresay (Zur Ermitt 
lung der Schwingungen im Wasserschloss, Ph. Forchheimer. © Zeits. des 
Vereines deutscher Ingenieure, vol. 56, no. 32, August 10, 1912. 11% pp. t) 
The author shows how the pulsations in a forebay may be determined 
without the usual limiting assumptions, such as the proportionality of 
pressure loss to velocity, or the use of small final differences instead of 
differentials. He deduces the following equation: 

mZ+1—In (mZ+1)—mh+1 
for the application of which the following data must be known: velocity 
of water in the state of resistance u,, cross-section of penstock F’, water 
lu 
area F’,, length of penstock /, loss of pressure head in the penstock — , 
CR 
then m=29F,:CRF; h is the loss of pressure head in the penstock in the 
state of resistance. A numerical example is given calculated by the 
author’s formula and, for the sake of comparison, by the method of final 
differences. 


Internal Combustion Engines 


ELECTRIC PowWeR PLANTS IN MINE AND STEEL WorKS IN RHINELAND 
WESTPHALIA, BELGIUM, NORTHERN FRANCE AND ENGLAND (Elektrische Kraft 
anlagen in Rheinland-Westfalen, Belgien, Nord-Frankreich and England, 
K. Hoefer. Zeits. fiir des gesamte Turbinenwesen, vol. 9, nos. 22 to 24, 
August 10, 20, and 30, 1912. 10 pp., 20 figs. The same article in a some 
what abridged form in Zeits. des Vereines deutscher Ingenieure, vol. 56, no. 
32, p. 1281, August 10, 1912. 10 pp., 25 figs. d). Description of power 
transmission and prime movers in the electric power plants in mine and 
steel works in the above named countries, with the description of some 
constructive details (mainly in Zeits. fiir Turbinenwesen). The article 
contains a table showing the reserve power in power plants in various 
countries. On the average about a third of the power of the machinery 
is held in reserve in case of accident, this reserve being practically equal 
for steam and gas engines, which shows that the latter are considered 
fully reliable in operation. The smallest reserre is kept in the case of 
steam turbines. 


TESTS OF A JAHNS ANNULAR PRODUCER AT THE MINE HOHENZOLLERN 
(Versuche an dem Ringyenerator-System Jahns auf der Hohenzollern 


grube. Zeits. fiir Dampfkessel und Maschinenbetrieb, vol. 35, no. 37, 
p. 385, September 138, 1912. 3 pp., 5 figs. de). In the Jahns produce) 


four chambers are built in a ring, with a common vertical passage along 
the axis. This passage is connected with the chambers above by openings 
provided with closing doors, and with those below by a circular duct. The 
purpose of combining the four chambers into a single ring is to conduct 
the gases (products of incomplete combustion), from a freshly charged 
chamber into the other chambers which have been in operation longer 
and so had time to become hot. ‘The gases rich in coal-tar are forced, 
together with a steam jet, under the glowing fuel bed, and are thus trans- 
formed into permanent gases free from tar The article contains a de 
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tailed description of operation and full data of tests, the gas produced 
being used for heating steam boilers. 

Gas Engine-Dynamo Units (Gasdynamos. Zeits. fiir Dampfkessel und 
Maschinenbetrieb, vol 35, no. 38, p. 395, September 20, 1912. 3 pp., 6 figs. 
dp). Description of some German gas engine-dynamo direct-coupled units, 
with some suggestions as to the design of the gas engines in such units. 

THE VALVELESS Moror AND GEAR OF THE FiscuerR Car, Zuricn (Der 
ventillose Motor und das Getriebe des Fischer-Wagens, Ziirich. Auto- 
Technik, vol. 1, no. 17, appended to Allgemeine Automobil-Technik, vol. 3, 
no. 37, September 13, 1912. 3 pp., 8S figs. d). The Fischer slide-valve moto 
belongs to the same Class as the Mustad motor described in Tur JouRNAL, 
March 1912, p. 414, in that it has separate valves for the admission and 
exhaust, each valve having the width of about a quarter of the cylinder 
circumference, and both being exactly similar and therefore interchange 
able. Only half of the piston surface is covered by the valves, the other 
half, or rather the other two opposite quarters, lying against the water 
cooled cylinder walls. The piston is provided with three piston rings which 
by their spring action help to obtain a tight fit between the valves and 
the outer wall; a fourth, stationary ring in the cylinder casing provides 
packing for the part where the piston does not reach. The article de 
scribes also the method of machining the valves, and the change speed gear 
of the car, which, according to the author, is suitable only for small and 
cheap cars. 

GAS PRODUCERS FOR THE GASIFICATION OF Liquip FUEL (Gaserzeuge) 
fir Vergasung flissiger Brennstoffe, Gwosdz, Braunkohle, vol. 11, no. 23, 
p. 357, September 6, 1912. 10 pp., 11 figs. d). In the Rincker and Wolter 
process used in Watergrasmeer, near Amsterdam, Holland, for producing 
gas from tar, the liquid fuel is gasified by passing it through a layer of 
glowing coke, without the admission of steam. The producer consists 
of two shafts connected in parallel. The coke is heated to glowing first 
in one shaft, into which tar is then introduced to be gasified. It is kept 
there until the temperature reaches a certain limit when the gases are 
led out to be used. The connections are changed in such a way that the 
air blast, in passing through the first shaft, drives the gases, only partly 
decomposed owing to the low temperature, into the second shaft where 
they pass through the glowing fuel from top downwards and are converted 
into stable gases. 

This process has, however, the following disadvantages: (a) the air 
blast is passed through one of the shafts twice, and in the meanwhile the 
shaft has time to cool down thus: retarding the decomposition of the oil 
vapors: (b) during the blowing of the producer the gases escape and 
the oil vapor contaminates the atmosphere 

In the improved type of the Berlin-Anhalt Machine Construction Com 
pany both shafts are connected in series, and get the hot blast alternately, 
the one which the hot air current strikes first being connected with the 
apparatus using the gas. The blowing of the producer shafts in series 
permits of keeping both generators hot, while alternating the direction 


of blowing has the advantage of the shaft which is blown first being 
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hot from the previous -blowing Both generators are therefore better 
heated and the decomposition of oil vapors proceeds more effectively 
The article describes also the Pintsch, Blaugas, and several Americar 
types of producers for liquid fuel (Ff. C. Jones, Frost, Ammet, Hydrocarbo 
Converter Company ) 


KOPENHAGEN FISHING EXHIBITION oF 1912 (Kopenhagens lischerei 
Ausstellung 1912. Gln. Die Gasmotorentechnik, vol. 12, no. 6, p. 100 
September 1912. 2 pp., 4 figs. d). Short descriptions of some Scandina 


vian motors. The motor of the Berygsunds Mek. Werkstads Aktiebolag ir 
Stockholm has the gasifier as shown in Fi l, with a number of consecu 


tively arranged narrow metal strips HW connected with each other and 
with the lower side of the cover /. The fuel is thrown against these 
strips from the nozzle G as shown by the dotted lines, so that each strip 
receives and distributes in various directions an equal amount of fue 


per unit of its area, this fuel being at the same time evaporated owing 





to the high temperature of the metal strips. ‘his happens just before the 
piston reaches its highest position, the heat of conipression together with 
that of the metal strips igniting the fuel mixture immediately after its 


admission. This effective system of gasification permits of admitting the 


fuel into the combustion chamber so late, i. e. so near the uppermost 
position of the piston, that all possibility of pre-ignition is eliminated 
while the strips H are practically at constant temperature, independent 
of the load, owing to the cooling produced by the fuel being injected 
against them. ‘The article also describes Tuxham and Junkers motors 
(For other motors at this Exhibition, see The Gas Engine, vol. 14, no. 10 
1912, p. 541). 

GAS VELOCITY AND ENERGY OF FLow (Gasgeschwindigkeit und Strémung: 
energie, v. Low, Zeits. des Mitteleuropidischen Motorwagen-Vereins, vo 
11, no. 17, p. 373, Mid-September 1912. 2 pp., 3 figs. cp). There are as 
yet no generally accepted rules for the proportions of automobile valves 
and gas velocities. Adler makes the suction and exhaust valve cross 
sections equal, and uses 102 m (352 ft.) per sec. as the velocity of flow 


when the maximum velocity of the car is 125 km (77 miles) per how 
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Benz has the cross-section of the suction valve vearly twice as large as 
that of the exhaust valve, and the velo ity of flow 45 m (147 ft.) per see 
for the maximum velocity of the car 134 km (S2 miles) per hour. Horch 
uses a ratio of suction valve and exhaust valve cross-sections as 4 to 3 
and for the inlet velocity of the charge 57 im (1S7 ft.) per sec. at the 
car speed of ST km (54 miles) Although the most advantageous ratio 
of valve cross-sections can be found only by suitable tests, the author 
tries to establish certain facts in this connection by means of the diagram 
in Fig. 2 A., where aa is the atmospheric line, vv absolute zero or vacuum 
line, and the pressure process during the greatest part of the exhaust 
stroke is represented by the line 1-2. At the point 2 the piston is supposed 
to have reached the end of the exhaust stroke and to be in the neutral 
position, the pressure being not atmospheric, but above it, 2-3, owing to 


throttling in the exhaust outlet. When the piston starts on a new stroke, 
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Vie. 2(A) Presscure DIAGRAM FOR THE EXHAUST AND SUCTION STROKE OF AN AUTOMOBILE ENGINE 


(B) anp (C) Svucrion Piprnc CoNNECTIONS IN A MULTI-CYLINDER AUTOMOBILE ENGINE 


there is an expansion, but the atmospheric pressure is reached only at 
1; it is therefore only from there on that the real suction of the piston 
hegins, 5-4 representing the volumetric cylinder loss at the beginning of 
the suction stroke. This cannot he helped by opening the suction valve 
when the piston is in its neutral position because then the expansion in 
the suction piping forces back the fresh mixture which in that case does 
not begin to reach the cylinder until the piston is at 4. The throttling 
pressure 2-3 must therefore produce always the volumetric cylinder 
oss 3-4, 

Should the throttling at the end of the suction stroke be equal to that 
at the end of the exhaust stroke, or 5-6 be equal to 2-3, then, since the 
compression curve rises much slower than the expansion curve falls from 
2 on, the volumetric loss 6-7 would be about six times as large as that 
at the beginning of the suction stroke, or 3-4, which shows that with 
equal throttling areas at the suction and exhaust valves the volumetri¢ 
cylinder loss produced by the throttling at the suction valve is consider 
ably greater than that produced by the throttling at the exhaust valve 
The suction valve ought therefore to be larger than the exhaust valve 
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It is, however, worth noticing that the Daimler Motor Company who were 
among the leading builders of engines with unequal valves, have now equal 


valves in their aeronautic motors. 


It is usually accepted that the volumetric cylinder loss due to throttling 
at the valves may be reduced by late closing of the valves Leading 


constructors are, however, by no means agreed as to just how late the 
closing should be, and practice varies between O and 49 deg. for the 
suction valve and 0 and 22 deg. for the exhaust valve In multi-cvlinder 
engines, owing to the energy of flow due to high gas velocities, it may 
be even advisable to select different closing times for the valves of dif 
ferent cylinders. Cylinder 1 in Fig. 2B must set in motion the gas in 
the left part of the suction piping, while cylinder 2 finds it already in 
motion, and therefore receives more gas with the same valve gear. The 
same happens with the cylinders 3 and 4 for the right side of the suc 
tion piping. A more uniform system of feed is represented when the suc 
tion piping is arranged as shown ip Fig 2C: when there is suction in 
cylinder 1, it receives the larger part of its gas through the left side of 
the piping from the carbureter ¢: but there is an additional stream of gas 


ts valve after the completion of its 


coming past 4, after the closing of 
previous suction stroke When the suction stroke in 1 is ended, the stream 
of gas continues to flow first to 2. and then to 5 the last of which also 
receives some mixture direct from the carbureter, through the right sic 
of the piping, this stream continuing to 4 after the end of the suction 
stroke in 3. The flow is therefore continuous and uniform, and there 
are no particular losses of the energy of flow. The author insists, how 
ever, on the necessity of a systematic series of experiments for the 
full elucidation of all these points. 

ON THE INFLUENCE OF SULPHUR IN LIQUID FUELS USED IN Morors (UL be 
den Einfluss des Schwefels in fliissiyen Brennstoffen beim Motorenbetrieh 
kK. Griife. Der Olmotor. no. 2, 1912, through Braunkohle vol, 11, no. 24, 
p. 383, September 15, 1912. p) In Diesel and other internal-combustion 
engines oils, mostly by-products of the coal-tar industry, are used containing 
up to 2 per cent of sulphur, and the question arises in how far this may 
harm the engine. The products of oxidation of sulphur, viz. sulphur di 
oxide and sulphur trioxide, do not attack iron unless they are dissolved 
in water, and form sulphurous or sulphuric acid. In the motor cylinder 
or in a boiler furnace where water is present only in the form of steam, 
there can be no corrosion due to the presence of sulphur, but wherever 
there is condensation of water, as in the exhaust piping, the iron is strongly 
attacked. This may be prevented, however, either by making the exhaust 
piping short, or by covering it with lead. On the whole, for the motor itself, 
the presence of sulphur is therefore practically harmless, Cp. Fuel Oil 
Journal, October 1912. p. 15. 

New WorKING PROCESSES FOR INTERNAL-COMBUSTION ENGINES IN SUB 
MARINES (Neue trbeitsrerfahren fu Verbrennungskraftmaschinen in Un 
terseebooten, Dr. G. Petroleum, vol. 7, no. 22, }). 1249, August 21, 1912 
2 pp., 3 figs. d). Description of some new submarine engines and discus 


sion of their working processes. Submarine engines during the run under 
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water are sometimes fed by pure oxygen, the exhaust gases being used 
over again either in their original state, or without their carbon dioxide, i e. 
with practically only their nitrogen. Contrary to this practice, Dr. Jaubert 
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of Paris recommends the elimination of all nitrogen from the exhaust gases 


and the use of only carbon dioxide, on the assumption that concentrated 
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carbon dioxide in the absence of water vapor will take part in combustion 
in accordance with the following formula: 
C,H,.t+4CO,+Heat—514C,4+8H,O+Heat............ [1] 
with the final products (coal and water) such that they can be convenient 
ly thrown overboard. The engine is represented schematically in Fig. 3A. 
The pistons of the two cylinders which lie one above the other have a com 
mon connecting rod. Cylinder a acts as a compression pump and delivers 
the gas to h; the working cylinder b is provided with the valve ¢ for the 


~ 


admission of petroleum coming through the pipe d, and injected under ga 
pressure (air or carbon dioxide), the compressed gas being brought to 
it by the pipe e provided with a three-way cock f. The pump j driven by 
the engine may be set in connection, by means of the three-way cock k, 
either with the atmosphere or the oxygen tank. ‘The exhaust pipe m of the 
cylinder b communicates by the pipe « with collector tank o which in its 
turn may be connected by means of the three-way cock p, either with the 


atmosphere or with the compressor and separator g, the latter opening 


through the pipe r and pressure regulator s into the cleaner ¢. This cleaner 
is filled with peat or a similar mass, and by the three-way cock may be 


set in communication either with the suction opening of the cylinder a 
through pipe u, or with the atmosphere. The cocks 2,p,4,f can be simul 
tuneously regulated by the rod i. During the run above the surface the 
cocks kp, and 2 are connected with the atmosphere, and the petroleum in 
jection cock f with the compressed air tank. The piston a takes in air 
and delivers it to / whence it is taken for scavenging the cylinder b 
while the pump j supplies atmospheric air for the explosive mixture 
to the same cylinder During the underwater run the petroleum is it 
jected by compressed carbon dioxide coming through the pipe e, the same 
gas being used also for scavenging. The exhaust gases are taken to 


the compressor and separator g in which the water vapor is condensed, and 


coal particles and unconsumed oil retained, while the clean carbon dioxide 
is sent on to the pipe w and cylinder a, and is later used for scavenging 
as well as for the injection of fuel. Oxygen is introduced into cylinder 
b by the pipe 7. Since no external air is introduced, the residual nitrogen 
is gradually expelled, and the exhaust gases contain practically only 
carbon dioxide and some oxygen. Simple combustion follows the equation 
C.H,,+11 O.=7 CO.+8 H,O - ere i 
and this, together with formula [1] gives the equation for the total 
reaction 
2 C,H,,4¢11 O44 CO=7 CO,45% C +16 H.O 
In this process the residues of combustion contain a large amount of 
carbon dioxide thus considerably reducing the amount of this gas which 
would otherwise have to be stored on board the vessel, and only half the 


oxygen required according to equation [2] is used when the process thus 


takes place in accordance with equation [5]. A further advantage consists 
in the exhaust being only carbon dioxide soluble in water, and therefore 
attracting no attention of the enemy, as do air bubbles. 


f submarine engines is shown in Fig. 3B, in 


Another arrangement « 


which nitrogen tetroride is used as the oxygen carrier Since, however, 
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both petroleum and nitrogen tetroxide are liquids, one of them must be 
evaporated before reaching the cylinder in order to produce a good atom 
ization of the mixture. Nitrogen tetroxide, and not petroleum, is evapor 
uted because it possesses a lower boiling point, so that cooling water 
which leaves the cylinder jacket at about 50 deg. cent. (122 deg. fahr.) 
can be used for this purpose (exhaust gases are not used since the neces 
sary apparatus would take more room than can be given to it on board 
a submarine). /? is the petroleum tank, S contains nitrogen tetroxide. 
rhe combustion chamber Vis provided with the burner B which receives 
a small amount of petroleum through the pipe p,, and vaporized nitrogen 
tetroxide throughout the pipe ¢,, there occurring a partial combustion and 
decomposition of the nitrogen tetroxide which results in the production 
of a gaseous mixture rich in oxygen, while water is injected into the 
combustion chamber through the pipes W ind «VW to reduce the tem 
perature of the oxygen-carrying mixture The comparatively cool mix 
ture is then introduced into the cylinder of the motor W where it mixes 
with the petroleum brought by the pipe p.. Pipes W, and W, bring the 
cooling water which after passing through the cylinder jacket continues 


to the vaporizer J) where the nitrogen tetrox 


to flow through the pipe W, 
de is evaporated 

In another type the same inventor evaporates the fuel (benzine, benzole 
ete.) by the heat of exhaust gases and uses as a source of oxygen felrani 
fromethan contained at atmospheric pressure in the tank 7’, Fig. 5C and 
brought by the pump / to the burner B. Gaseous ethane which has a pres 
sure of 46 atmospheres even at the temperature of 4 deg. cent. (39.2 deg. 
fahr.), is Contained in the tank Ac, and is brought to the burner by the 
three-way cock JJ and pipe L,. The gases of combustion in the chamber F 


hey may be 


ire so much cooled by the injection of water by pump W that t 
ised to drive the furhine WV from which the exhaust }NISSES through the 
aporizer J) through which also passes the pipe L, from the ethane tank: 
after the engine started, the cock // is set so as to connect Ae and B by 


the pipe J 


Machine Shop 


SPRING IIAM™M : (Marteqau a cxsorts Portefoudle economiqne des mad 
chines. ser. Hh. vol. 10. no. GS1, }). 131 September 12 2 pp... o figs. d) 
Description of the Ajax spring hammer Cp Tue Journant, January 


1912, p. 123. 

NEW Dust SterTi1on Devic roR VoLnisuHinac Macnines (News Ntauh 
sauagevorrichtung fiir Sechleifmaschinen. Giesscerci-Zeitung, vol. 9 17, p 
548, September 1, 1912. 1 p.. 2 figs. d) The designer's problem was to 
construct a dust suction apparatus which might be used in connection 
with polishing machines in which the polishing wheel does not remain 
in one position, but travels around the piece of worl Such a device, 
patented in Germany by the firm Frederich Schmaltz, in Offenbach-A-M., 
is schematically shown in Fig. 4. The suction device travels with the wheel 


around the work Phe dust-catcher ) is then in constant position as regards 
the polishing wheel a, while the suction piping ¢, attached to the dust catcher 


passes through the filter d and through the center of the rotary motion of 








1888 FOREIGN REVIEW 


the tool holder e, and finally to the bore in the hollow shaft f. The suitably 
shaped pipe c is fixed on the adjustable bracket g and therefore follows the 
motions of the tool holder. The other end of the hollow shaft of the 
polishing machine is air tight and rotatively connected with the suction 
piping h. Cp. description of a similar British device in Dust Collecting 
Device for Grinding Machines, The Engineer (London), September 


i3, 
1912, p. 287. 
Mechanics and Machine Design 
BENDING OF CuRVED Tuspes (Die Biegunae krummer Rohre, HU. Lorenz. 


Dinglers polytechnisches Journal, vol. 327, no. 37, p. 577, September 14, 
1912. 41% pp.. 5 figs. mt). The author derives a new simple formula for 


the variation of the curvature of a pipe through an external moment, from 



























































Fie. 4 Dust Suction Device ror PoLisHING MACHINES 


the conditions of equilibrium of an element of the wall of a curved tube 
under the assumption of conservation of double symmetry of the tube cross 
section. He investigates also the direction of the moment producing 
increase or decrease of the radius of curvature of the tube, and derives 
a simple formula for the total contraction of the circular cross-section of 
the tube in the radial or axial direction. The problem is treated by 
purely mathematical methods. 

On LUBRICATION OF MACHINE Parts (Uber die Schmierung von Maschin 
enteilen, L. Singer, Petroleum, vol. T, no. 23, p. 1807, September 4, 1912. 
12 pp., 64 figs. d). Discussion of the theory of lubrication mainly on the 
basis of Ubbelohde articles (see THe JouRNAL, June and August 1912. 
pp. 963 and 1245), and of the design of machine parts subject to friction, 
e.g. journals, bearings, etc., so as to obtain the best lubricating efficiency, 


as well as the apparatus for combined oil-and-graphite lubrication. 





OE 
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IXPERIMEN' ON THE DeTERMINATION oF THE TORSION or Bags wit 


RECTANGULAR CROSS-SECTION AND ILONGATION AND CONDRACTION OF AREA 


7) LARS UNDER TENSION (CLersuche vhor du lerdrchung on Staben mul 


rechtechkigem Ouerschnitt vnd “ Krmittling de Lang wund Guecrdehnunyg 


auf Zug beanspruchter Stabe, O. Bretschneider, Mitteilungen iiber For 
schungsarbeiten, no. 21, p. 1. WIZ. BT pp.. 17 figs. «) Kull reports of 


the experiments reported in Ther JourNnaL, May 1912, p. S05, from a pre 
liminary publication. 


STAGING RATIO IN Speep-CHANGING Gears (Abstufungsverhdltnisse von 
Wechselgetricben, Fr. v. Low. Zeits. des Vitteleuropadischen Motoriwagen 
lercins, vol. 11, no. 16, p. 349, End August 1912. 4 pp.. 4 figs. et). Discus 
sion of the problem of staging ratios, that is, whether the first transmis 
sion should be equal exactly to a quarter of the transmission when directly 
coupled, or more or less, and how the intervals between single stages 
should be proportioned, these being, according to the author, questions 
on which constructors are not vet agreed. In the modern cars (only Ger 


tite: types ire considered) with three-stage speed changing gears the 


author found only one car with the ratio between the highest and lowest 


transmission greater than 4, while in nearly all cars with four-stage 
speed changing gears this ratio was more than 4. The lowest transmission 
was for hill climbing, the highest for level road work. Different demands 


should be made in these respects regarding three and four-stage cars, 
particularly as the high-power car is better able to take care of variable 
road conditions. According to the author there is no reason why three 
Stage speed changing gears should be used any more since the disappear 
ince of the belt transmission has left their construction without any real 
justification rhe second part of the article gives data from the author's 
experience with the speed-changing gears of German cars under road 
conditions, and discussion regarding them 

RESONANCE PHENOMENA IN SUCTION VIPING OF COMPRESSORS AND GAS 
ENGINES (Phénomenes le rEeESONnAINCE dans les conduites @aspiration des 
compresseurs et des moteurs a gaz, P. Voissel. Revue de mécanique, vol. 
31, no. 2, p. 155, August 31, 1912. 7 pp., 11 figs. et). French translation 
of the article in the Zeits, des Vereines deutscher Ingenicure fully reported 
in THe JourNAL, August 1912, ». 1248 


\ NEW AXIAI COMPRESSION FORMULA (En ny Knackningsforme! 


forbjérn Strand. TVeknisk Ukebiad, vol. 59, no. 36, p. 400, September 6, 
12. 2 pp., 3 figs. t). Starting from the Schwartz-Rankine and Euler 

formulae for axial stresses in columns, the author by a rather complicated 
athematical process derives the following fo la for arial stress 


re 
l ¢\e l\ 
l+a 'e) 
7 7 
where AK is the compression strength of the material, slenderness ratio, 


a,8,7 are defined by equations of their own, but are for each given 


material, functions of compression strength and modulus of elasticity. 
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The article also contains a table showing the relation betwe ‘ @licle 
hess ratio and axial stres 

SHOCK ARSORBERS N MeLASTIC SHACKLES (Les Amortisscu cl punvelle 
clastique S La pratique automobile, Vol, S, no. 173, iu BOSS sept mber 10) 


1912. 2 Pp. 12 figs ad) Desc riptio ol he main French tvpes of shoc 


ubsorbers and elastic shackles 


Repu rion GEAR 1 m € OANTAYI SHAEFTS (Jeeducic get hye fis agieichae 
sige Wellen R homme Voto radgen, Vol Db. no. 2 G1, Septemly 
=), 1912, 3 pp. 5 figs. « Description of the Par Il. Pet cpieyclir 
gear consisting of two ‘ wheels ene] ot Which ~ free to } ‘ 
eccentric motions with cl ving therel: the m Wi Dos ‘ 
teeth of the two vVheels, one « these wheels engaging vn ix ec toothwhee 
coanNxia with tne driving shatt and thre othe ‘] on Sitti ol ra’ 








hr ) kup ic Repucti 


driven shaft With such an arrangement the gear ratio 


S determined by 
two members of which each may be either negative or positive, accordi 


to the ratio of the teeth numbers in the separate pairs of wheels, so 


that the sum of the two may be equal to zero ithout the number ol 


teeth of the engaging wheels being equal to each other. Ratios of trans 
mission from 2:1 to 20000:1 and inore may be obtained, either in the same 
direction as the driving shaft or opposite to it, without varying the direé 
tion of the driving force rhe driving and the driven axes are Coaxia 


At least a third of all the teeth are always in engagement, this permitting 
the use of small teeth and a sina wheel even for the transmission of 
arge forces. It is claimed that even with the highest ratios of trans 
mission the friction loss is below 6 per cent Fig. 5 represents a type 
in which the driven shaft 40 may be driven in any direction or stopped 
altogether. On the middle part 54 of the driving shaft 35 sits loosely the 
wheel body 36 provided with three different rims 37, 38 and 43* with in 
ternal or external toothing fn engagement with the wheel rim 38 is the 
toothed wheel 39 sitting on the shat 1), the latter concentrically embra¢ 


the 





ing end journal of shaft 34 lhe second rim 37 is in engagement 





idently a mistake 
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with the toothed wheel 41 of which the long hub sleeve sits loosely on 


brake pulley 42. To the third rim wheel 
13 of the wheel body 36 corresponds the internal toothing of the casing 


the shaft 34 provided witi a 


member 44 which with its sleeve sits loosely on the sleeve of the toothed 
wheel 41 while another casing member 45, bolted together with 44, loosely 
encloses by its sleeve the shaft 40. The sleeve of the casing member 
is also provided with a friction pulley placed near that of 42. 
now that the brake pulley 42 is held fixed, and shaft 34 
direction of the arrow. Then the internal toothed 
body 36 sitting loosely on 


Suppose 
rotated in the 
rim 37 of the whee 
the eccentric journal 35, rolls along the wheel 
11 held by the brake; the motion of the wheel 


36 retarded thereby 
is transmitted through its toothed rim 


3S to the toothed rim of the wheel 
39, the sleeve of which is wedged fast to the shaft 40. The wheels 43 
as the driving shaft. If on the other 
hand it is the pulley 46 that is braked, the rotation of the shaft 34 in the 


and 44 rotate in the same sense 


sense of the arrow produces an engagement of 483 with the now station 


ary internal toothing of the casing member 44, in a sense contrary to the 


direction of the arrow, the rotation of the wheel body 36 being as before 
transmitted to the shaft 40 through the toothed wheels 38 and 39, but in 
a direction opposite to that of 34. When both pulleys, 42 and 46, are loose, 


the whole gear rotates on 39, and with the slightest load on it the shaft 


10 remains stationary. All the toothed wheels are in engagement all the 
time, but those which are not required to do any work 
run loose. 


are allowed to 


The rest of the article contains rules for calculating the number of 
teeth in the various wheels, and a description of another type of gear 
based on the same principle, but said to be specially adapted for use in 
turbines, automobiles, and motor boats 


Pumps 


CONTRIBUTIONS TO THE THEORY OF PLUNGER PUMPS (Beitrdge zur Theorie 
der Kolbenpumpen, Karl Mayer, Die Fdérdertechnik, vol. 5, no. 9, p. 202, 
September 1912. 4 pp., 3 figs. mt). Continuation of the article abstracted 
in THe JouRNAL, October 1912, p. 1574. containing an investigation of the 
case when the angle of coupling of a plunger pump is less than 90 deg. 
Since the method of the author has been made clear in the preceding 
abstract, only his conclusions are reported here. By means of the com 
bined process the coefficients of cyclic variation may be made equal to each 
other in six out of the eight intervals occurring in each revolution, and 
the maximum velocities in three out of four phases per revolution. The 
improvement, in per cent, in the coefficient of cyclic variation due to the 
use of the combined process (18.16) is greater than when the method of 
the most suitable angle of coupling (15.67) or that of the most advan 
tageous ratio of cross-sections (10.52) are applied singly. In addition 
to that the combined process permits of freely choosing the ratio of cross 
sections. 


Each way of selecting the angle of coupling, i.e. greater or less than 


90 deg., has its advantages. With the angle of coupling greater than 90 
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deg. the maxima may be obtained in all four phases, and acceleration 
pressure may be made equal in six out of the eight intervals per revolu 
tion, but the same value may be obtained for only four out of the eight 
intervals of coeflicients of cyclic variations occurring per revolution. Six 
out of those eight intervals may be made equal, however, with the angle of 
coupling less than 90 deg., while equal maxima of velocity may be obtained 
only in three phases, and only four equal maxima of acceleration resis 
tance. The angle of coupling has therefore to be chosen separately for 
each particular case in accordance with the purpose of the pumping in 
stallation. The article is to be continued. 


EXTERNAL FRICTION OF GASES AND A New PRINCIPLE FoR AIR PUMPS 


MoLecUuLAR AIR Pump (Die diussere Reibung der Gase und ein neues Prinzip 
fir Luftpumpen: Die Molekularluftpumpe, W. Gaede. Physikalische 
Zeits., vol. 18, no. 18, p. 864, September 15, 1912. 6 pp., 5 figs. d). De 
scription of a new pump based on the principle of utilizing the external 
friction between the gas molecules and the walls of a vessel, and the 
rebound of the molecules at a certain definite angle. In rapidity of 
operation and degree of exhaust the new pump exceeds the mercury vacuum 


pump. It can exhaust not only air, but also vapors. 
Steam Engineering 

ON THE CYCLE OF A STEAM ENGINE (Sur le cycle de la machine a 
vapeur, A. Leduc, La Revue électrique, vol. 18, no. 209, p. 195, September 
13, 1912. 3 pp., 3 figs. ¢t) ‘rom a paper read by the author before the 
Nimes Congress of the French Association for the Advancement of Science 
The efficiencies of the Carnot and Rankine cycles are supposed to be 
very close to each other; in a non-condensing engine working between 


200 and 100 deg. cent. (592 and 212 deg. fahr.) they are, but in condens 
ing engines working between 160 and 40 deg. cent. (320 and 104 deg 
fahr.) the two efficiencies differ by 18 per cent. 

The author proceeds to consider a theoretical case of engine with con- 
denser working at 60 deg. cent (140 deg. fahr.), and using first saturated 
steam at 200 deg. cent. (392 deg. fahr.), and then steam produced in a 
boiler at 100 deg. cent. (212 deg. fahbr.) and superheated to 200 deg. cent. 
Let 7’, and 7’, be the temperatures of the isotherms, k real specific heat 
of water at 7',, L, and LL, latent heats of evaporation at 7, and 7’,, and a 
quality of steam at the end of adiabatic expansion (on the supposition of 
the steam being saturated and dry at the beginning). Then 


This, calculated by means of the tables of latent heat of Regnault or 
Henning, with average value j==1.025, gives 


Ve 


2=0.797 and n=- 0.266 
Q: 
for the first case. 
For the second case let 7’, be the temperature at which the steam is 
produced (100 deg. cent.), and 7’, (200 deg. cent.) the temperature at 
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lil under 


Which it is introduced into the evlinder: ¢ ecilic heat of ste 


one atmosphere pressure Phen 


y dT ly ‘ dT L 
. + | 4 
1 7, - de 


e . 7 

Or, with ik LO] ind ¢ O46 

rAODOG and » —-0.105 
or less than half the eflicien ot the « e Without superhea The effi 
ciency of the corresponding Carnot cycle is 0.206; the Rankine cycle is 
below it by about 10 per cent nd the cvele with superheat by about 65 
per cent. The inferiority of the last is explained by an almost total ab 
sence of condensation in the cylinder, which results in 0O.265¢03—112 calories 
escaping transformation into work. In a practical case, steam is produced 
saturated at 100 deg. cent. (520 deg. fahr.)., and superheated to 300 deg 


cent. (572 deg. fahr.). with the cond ser at 40 deg. cent (104 deg. fahr.). 


Equation [2], with A==1.01 and C—0.50. gives O.ST5. and » 0.265, in 


stead of 0.24, as in the case of saturated steam, thus showing an improve 


ment in efficiency of about 10 per cent The improvement in the case of 
the Carnot cycle would be, however, from 0.277 to 0.454, or 64 per cent 
The main part of the rest of the paper has been already reported in Trt 
JOURNAL, September 1012. p. 1302. from n article by the author in an 
other periodical. 

Water-Tupe Boiters with AtromMaAtric UNpEeERFEED FurNaAces (Chaudiére 
aquatubulaires avee fovers automatiques a propulsion ericure Le Génis 
Ciril, vol. 61, no. 21, p. 413, September 21, 1912 GoM 1D figs. and one 
plate of drawings. 7). Description of the Sulzei at tube boilers and 
automatic underfecd stokecrs Wit! “et lt Vings 

ON THE INFLUENCE OF THE MATERIAL AND THICKNESS OF WALLS OF ECONO 
MIZER PIPES ON THE UTILIZATION OF Heat (Uber den Einfluss des Materials 
wad der Wandstarke oi Rhonomi crrohren adi ( Warmeausnutoun 
Arthur Hanff. Braunkohle, vol. 11, no. 25. p. 389. September 20, 1912. 


hethe ) aot wrought-iron pipes 


1144 pp. p). Discussion of the problem 
are preferable to cast-iron ones in: cconomi is far as the utilization 
of heat is concerned: cast-iron pipes being otherwise preferable because 
they are easier to clean. Thy coefficient of heat transmission between the 


gases and water in the economizer is 


a a A 
where g, is the coefficient of heat transmission between the flue gases 
and the external wall of the pipe; g, same between the inner wall of the 
pipe and the feedwater; 5 thickness of the metal wall in meters; , ¢co- 
efficient of heat transmission of the wall material The material and 


thickness of the wall affect therefore only the single factor hs Io show 
nN 
of how little importance this factor is, the author gives the following 


calculation : 
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kor both Cases: a 16.142, 


in.), for wrought iron, 2.5 mm (or 0.1L in): the most advantageous co 


a, = 860. For cast irong—10.5 mim (say 0.4 


efficient of heat transmission ,—70 is accepted for wrought iron, and the 
least advantageous » —40 for cast iron. Substituting these values in the 
above formula, the author obtains for wrought iron k—15.755, and for 
cast iron A=15.70. showing that, even with the above assumptions, cast 
iron pipes are practically just as good as wrought-iron pipes as far as 
transmission of heat is concerned. 

EXAMINATION OF THE Metruop or Mr. J.-PAUL CLAYTON FOR THE EX 
PERIMENTAL STUDY OF RECIPROCATING STEAM ENGINES (Hxvamen de la 
méthode de M. J.-Paul Clayton pour Vétude expérimentale de la machine 
a vapeur a piston, V. Dwelshauvers-Déry. Revue de mécanique, vol. 31, 
no. 2, p. 105, August 31, 1912. 6 pp., 2 figs. t) rhe author considers Mr 
Clayton’s method highly valuable, especially for practical purposes. He 
calls attention to the article which he and A. Duchesne published in the 
Revue de mécanique, July 1901, in which they attempted to show experi 
mentally that the laws of expansion and compression differed from one 
another. This ought to be expected since during expansion the metalli 
walls of the cylinder furnish heat to the working fluid, while during 
compression, or at least a large part of it, it is the superheated fluid that 
vives up its heat to the surrounding metal. 

All the operations and measurements for this article have been made 
with extreme precision, with the values of all the ordinates and abscissae 
of the indicator diagrams, and their logarithms given. It is therefore 
easy to construct a logarithmic diagram. For the expansion the logarithmi 
diagram resembles a straight line, but is not; for the compression the 
curve is so pronounced, especially towards the end, that there is no pos 
sibility of mistaking it \ beginning of a loop appears at the end of 
compression of the PV diagram. Some attributed it to leaks, the author 
to condensation, and G. Duchesne proved definitely that it was so by com 
pressing in the same cylinder and under the same conditions, incondensible 
air, and obtaining no loop. The law of compression of steam in our engines 
differs therefore from that of expansion. 

As to the practical application of Mr. Clayton’s method, the author 
draws attention to the necessity of taking the greatest precaution for 
obtaining correct indicator diagrams when they are to be used in this 
connection. As to the volumes indicated by the abscissae of the dia 
grams: stroke reducers with long cord must be absolutely avoided owing 
to the possibility of whipping: it is essential that when the piston is at 
exactly 0.1, 0.2, ete. of its stroke, the pencil should be at exactly the 
same points of its stroke, which cannot be done if the stroke reducer 
consists of a cord which shortens and lengthens, or if the rigid joints have 
a play. The clearance must also be exactly determined either by calcula 
tion, or by filling it with water, and still better in both ways. One must 
not rely too implicitly on the data furnished by the manufacturers as to 
the ordinates: it is safer to have the instrument calibrated personally 
Usually an average diagram is made of the head and crank diagram, 
which is used as if it were a real diagram. This of course is wrong; the 
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uverage value of X. is therefore wrong, although it is very difficult to say 
just how far it is w rong. The only way to obtain the most exact data 
possible is to use a surface condenser at each end of the cylinder. The 
author found in some of his experiments that even with separate valve 
gears for both sides of the cylinder, and everything, including clearances 
on both sides exactly similar, there were still differences between the 
head and crank diagrams, due probably to different speeds of the piston 
at both ends of its stroke. The two condensers method is therefore the 


only way to obtain really exact data 


MANNER O! WORKING OF STEAM GENERATORS (/nnere irbeitsiweitse 


nm 
Dampfyeneratoren, B. Schapira Zcits, fir Dampfkessel und Maschinen 
betrieb, vol. 35, no. 37, p. BSS, September 13, 1912. 2 pp., 9 figs. gt). Gen 
eral discussion of the process of steam yenerati« in a ( mainly with 
regard to its dependence on the ternal circulation 


PURIFICATION OF WATER BY PerMutTir (/puration des caux par la Pe 
mutite, L. Clera, Porte feuille economigue des machine Ss, ser 5. vol. 10. no. 


6S1, p. 180, September 1912. g). A general article on the use of permutit, 


without data of any specific tests 


NEW ARRANGEMENT OF THE SULZER Hearine Boiters (Neue Anordnung 


von Sulzer-Heizkesseln fur ausgedehnte Heizanlagen Dinglers polutechni 
sches Journal, vol. 327, no. 37, p. 590, September 14, 1912 2 pp., 3 figs 


de). Description and data of tests of the Sulzer boiler for house heating 
Tests made by the Swiss Association of Steam Boiler Owners have 
shown an efficiency as high as 86.2 per cent, and an erage flue gas 
temperature, even with the boiler overloaded, below 200 deg. cent. (392 


deg. fabr.) 


MEANS FOR REMOVING ScALE IN Botters (l/ber Mittel ir Bekdmpfung 
des he VN¢ iste MLE, EK. ke. Bask h. 4,4 ils, Dampfl cs und VW asc hinentbe 
trieb, vol. 35, no. 3S, p. 393, September 20, 1912. 2 pp. p) Summary of 


recipes for the prevention of scale in boilers patented at various times il 


Germapby, with short criticisms. Covers practically the same ground as the 


article reported in THe JourRNAL, February 1912, p. 309 


Testing of Materials and Materials of Construction 

EXPERIMENTS ON THE INFLUENCE OF WIpTH IN NotrcH SHoc! leESTS 
(Versuche iiber den Rinfluss der Breite bei Kerbschlagproben, R. Baumann, 
Zeits. des Vereines deutscher Inuvenieure, vol. 5G. no. 38. 1 1311. \ugust 
17, 1912, 4 pp., 10 figs. e). The International Association for Testing Ma 
terials specified the width of test bars tor notch shock tests as 30 mm 
but for plates decided to consider the thickness of the plate as the width 


of the bar. The width in this case is therefore variable, and its influence 


on the test results had to he determined This was partly done by 
Eehrensberg. and more fully by the ithor as reported in the present 
article. the following sre the most nteresting conclusions arrived at 


(a) in boiler plates after annealing the work required for rupture has 
decreased 116 per cent in case of broad plates, and increased 11 per 
cent with “narrow” plates; (b) in the case of square iron 40 mm on 


a side the work required for rupture suddenly decreased when the width 
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passed 1.5 em. The material which appeared as tough when not broader 
than 1.5 em, acted as brittle in broader test pieces The author explains 
it by the Supposition that a wide piece does not permit the contraction 
of area and flow of material, and that the change of state occurring in 
broad pieces is entirely different from that in narrow 

The author thinks therefore that the specifications of the International] 
Association for Testing Materials ought to be revised, and a narrowe! 
bar specified. The article contains full data of the tests, as well as data 
of tests on cast iron. 

UsEFUL Exoric Woops AND THEIR APPLICATION FOR TECHNICAL PURPOSES 
(Hxrotische Nutzhdélzer und ihre Verwendung in der Technik, Th. Wols 
Prometheus, vol. 23, nos. 1191 to 1195, pp. 742, 759 and 774, August 24, 31 
and September 7, 1912. 12 pp. dp). Discussion of the application for 
technical purposes and description of properties of exotic, Le. non-european 
woods, viz. quebracho (Argentinian wood, extremely hard, unaffected by 
air or water, good for railway ties, telegraph poles and bridges) ; teak ; 
pock (has the greatest specific weight, extremely hard); hickory; pitch 
pine; redwood; eucalypt; Australian cypress and blackwood; mahogany ; 
cedar and cypress. The article contains only general information without 
test data. 

ACTION OF ELECTRICITY ON REINFORCED CONCRETE (Les effects de Vélec 
tricité sur le béton armé, F. H. Le Génie Civil, vol. 61, no, 20, p. 396, 
September 14, 1912. 4 pp., 28 figs. e). Description and data of tests on the 
action of electricity (stray direct currents) on reinforced concrete made at 
the Technical School at Darmstadt, Germany, and University of Vermont 
in this country. Only the former will be reported here; for the latter se« 
Engineering News, July 1911. With concrete blocks placed in air on 
layer of moist sand, or in sweet water, and subjected to the passage of 
a current of 0.1 ampere at 140 volts, fissures appeared after a period of 
from 50 to 110 days, the location of the fissures depending entirely on 
the position of the anode; in blocks placed in salt water they appeared 
at the end of from 20 to 70 days, and the concrete was colored in the 
neighborhood of the fissures first greenish gray (ferrous oxide), and after 
some exposure in the air, brown (ferric oxide). Fissures appeared in 


blocks immersed in chalk water ir 


about the same time \ series of ex 
periments led to the belief that these fissures were produced not by an 
evolution of gases, but by a thickening of the iron anode enclosed in 
the concrete, owing to superficial oxidation. By further tests it was found 
that the resistance of the reinforcing members to being torn out is increased 
by the action of the current, which may be explained by the formation 
of a layer of oxide adhering to the concrete more strongly than the 
original clean iron. 

CONTRIBUTION TO THE PROBLEM OF MECHANICAL TESTING OF Sorr RUBBER 
(Beitrége zur Frage der mechanischen Weichgummiprifung, K. Memmler, 
Mitteilungen aus dem Kgl. Materialpriifungsamt zu Gross-Lichterfelde 
West, vol. 30, no. 3, p. 189, 1912. 11 pp., 10 figs. e). Description and data 


of tests to determine the resistance of soft rubber to compression stresses 
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and wear, such as it is subject to when used in automobile tires. For pre 
vious tests of tensile strength of rubber by the 


JOURNAL, March 1912, p. 430 


sume institution see The 


EXPERIMENTS ON REDUCTION OF STRESS BY ROUNDING Orr SHARP ANGLES 
(Versuche tiber dic Spannungsverminderung durch die Ausrundung scharfer 


Ecken, FE. Preuss, Zeits, des Vereines deutscher Ingenieure. vol. nO, no 


o4, p. 1549, August 24, 1912. 5 pp.. 28 figs. e) Description of and data 
from experiments made at the testing laboratory of the Darmstadt Techni 
cal High School on the reduction of stresses in metal members by round 
ing Off sharp angles, The author states that although the fact that 


the stresses are particularly large at sharp angles was known for a long 
time, there are practically no experiments available showing numerically 
the precise inflnence of the radius of curvature on the stress at and near 
the point of flexure. Fig. 6 shows graphically how the change in the 
radius of curvature affects the distribution of lines of equal stresses. 


Among other things, these experiments have established the fact that the 





Fic. 6 Distrripution or Lines or Equat Srresses ror Various Rap or CURVATURE 


+Tensile Stress; — Compression; 0 Points constructed from Measurements: above Line aa in 
kg/qem, below in Lb. per Sq. In 


neutral point of stresses as found from actual measurements does not 
coincide with that determined theoretically A complete account of these 
experiments will appear shortly in the Mitteilungen iiber Forschungsa 
beiten, 

Use or Trass IN REINFORCED CONCRETE (Gebruik van tras bij gewapend 
beton, KE. Jacobs. De Ingenieur, vol. 27, no. 26. p. T34, September 7, 1912 
i pp., 4 figs. eA). Data of tests for determining the influence of the pro 
portion of trass in reinforced concrete on the properties of the latter. The 
tests were made with “ Heidelberg” pottland cement and Andernach trass 
to supplement the tests of Professor Van der Kloes (presented at the 
Copenhagen congress of the International Association for Testing Mater 
ials). The: author concluded that in beams with maximum 2 per cent 
reinforcement (which is seldom exceeded) concrete with say % portland 
cement, 4 trass, 2 sand, and 2 gravel is in general just as strong as 
concrete with pure cement. The article gives full data of the tests, and 
drawings of stressed sections of the beams tested. 
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DeTERMINATION OF THE PROPORTION OF ORIGINAL INGREDIENTS IN CEMENT, 
MorTaR AND CONCRETE AFTER THEIR SEPrine§ (Die 
Mischunysverhiltnisses von 


Bestimmung des 
dhochbundencm (crhiartetem) Zementmorte 
und -beton, UH. Burchartz Vitieilungen aus dem Kgl. Material 
prujungsamt zu Gross-Lichterfelde West, vol. 30, no. 3, p. 117, 1912. 4% 
pp. ep). It is sometimes necessary to determine the proportion of or 
iginal ingredients in mortar or concrete after their setting, e.g. in case 
of an accident to a building when it is desired to find out whether or not 
it was due to poor mixture (he present article indicates the conditions 


when such a determination can be made, and the methods of procedurt 


TEsTs OF SLAG CEMENT FOR THE PURPOSE OF COMPARING It WITH Por! 
LAND CEMENT (Prufung von Hiscnportlandzement im Vergleich zu Port 


landzement, M. Gary and Hl. Burchartz, Mitteilungen aus dem Agl. Mate 


ialprufungsamt zu Gross-Lichterfelde West, vol. 30, no. 3, p. 122, 1912 
S pp. ce.) Data of supplementary tests for the determination of the 
properties of slay cement as compared with portland cement. For the 


main investigation see THE JouRNAL, May 1912, p. S05. 











ACTION OF 





O1L CONCRETE AND REINFORCED CONCRETE (EHiniwirkung von Oel 


auf Beton oder Hisenbeton. Deutsche Bauzeitung, no. 11, 1912, through 

Vetall-Technik, vol. 38, no. 35, p. 288, August 31, 1912. ™% p. p). Froma 
] 2 p. } 

symposium of answers to a general inquiry sent out by the German Cen 


Association to its members. The action of fat oils, i.e. animal or vegetable 


is different from that of mineral oils. The former become “ rancid,” i.e 
decompose into glycerin and acid of fat, the latter entering into chemi 


cal composition with the calcium of the cement and thus decomposing it 


Which is especially noticerble in the case of porous mortars In pra 


lice, machinery foundations subject to the action of constantly dropping 


lubricating oils and grease, are gradually affected and destroyed. Cen 


Lit li 
tanks for oil ure sometimes made useless after a service of a couple 
of months. On the other hand mineral oils form no acids having affinits 


therefore do not affect cement at all 





to calcium, and 








PREVIOUS TREATMENT OF SHEETS BEFORE THEIR USrk IN BOLLER SHOPS 


(Traitement préalable des téles avant leur cmploi « chad 


} hide onnertve Les 
juzeur. La Houille blanche, vol. 11, no. T, p. 178, July 1912. 8 pp., 5 figs 
epA). Investigation of the problem of rendering boiler sheets by a previ 


by 


ous treatment Jess sensible to irreqularitic i} working during the manu 


facture of boilers. The author does not reach any final conclusions, but 
shows that boiler sheets hardened, tempered and then cold worked, are 
in about the same condition as sheets first worked and then tempered ; 
this may be of some value because it is probably easier to harden and 


] 


temper the sheets first rather than temper them after cold working, al 


though the cost of hardening must also be considered The second part 
of the article contains data of a series of interesting tests the purpose 
of which was to determine whether punching of rivet holes in boiler plates 
produces only a permanent deformation in the neighborhood of the hole 
or starts cracks as well, and whether this may be best remedied by 
annealing the boiler plate, or by reaming ont the punch hole, and in the 


latter case, how much must be reamed out. Tests were made with plates 
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of various thicknesses, and it was found (full data are given in the article) 
that plates 10 mm (say 0.4 in.) thick not annealed after punching cracked 
ifter bending through 53 to 59 deg., while the same plates punched and 
subsequently annealed could be bent through 110 deg. without cracking; 


previous hardening and annealing makes it comparatively safe to bend 


plates with punched and reamed out holes, but does not permit of bend 


ing plates with holes simply punched, and cannot therefore be substituted 
for reaming. Vlates 15 mm (say 0.6 in.) thick, when simply punched, 
cracked after bending through 107 deg., and broke when bent to 151 
and 147 deg., but plates with drilled, or punched and reamed, holes (even 
reamed only to 2 mm, or 0.078 in.) could be bent with only slight flaws 
at the edges. Annealing had the same effect as reaming, in permitting 
plates to be bent without cracks li general it appears that reaming 
of only 2 mm (0.078 in.) in diameter removes the part of the metal 
altered by punching, and that annealing is also effective in restoring to 
the metal its original ductility, thus proving that punching produces a 
permanent deformation of the metai, and not cracks, since in the latter 
case annealing would do no good. But though more rapid and probably 
ess expensive than reaming, annealing has the disadvantage of tending 
to Change the shape of the plate, especially if it is thin, and to increase the 
non-coincidence of holes in the assembled boiler shell; besides, it does 
not remove the burr of the punch which is in the way of a good contact 
it riveting. Reaming seems to be better in every way, but if only of 
2mm (0.078 in.) in diameter, though sufficient according to the author's 
tests to remove the permanently set metal, may not be large enough in 
the case of superimposed plates, owing to a possible non-coincidence of the 
punched holes; since the divergence of the holes may be normally sup 
posed to amount to about 1 mm (0.039 in.), the hole ought to be reamed 
to 4 mm (0.16 in.) so as to be sure to take care of the eccentricity of 
the hole in the lower plate. 

Finally the author reports some interesting expanding tests on boiler 
sheets, which though not directly connected with the above tests, prove 
the importance of reaming holes after punching. The tests were made 
on a plate from a shell of a water conduit under pressure which was 
broken in an accident to the conduit. Rings were cut out from the plate, 
100 mm (3.9 in.) in diameter, with the hole in the center and submitted 
to the expanding test. The best showing a ring with a punched hole 
made was when a ring with a hole 22.5 mm in diameter broke after the 
hole was expanded to 30 mm, while rings with drilled holes made from 
the same sheet broke only after a hole 22 mm in diameter was expanded 
to 55 and even 69 mm in diameter, thus showing that a plate with a drilled 
hole is several times stronger than one with a punched hole. 

TESTING OF MATERIALS IN A MopeRN AUTOMOBILE FacTrory (Material 
priifung in einer modernen Automobilfabrik, E. Renisch. {uto-Technik, 
vol. 1, nos. 15, 16, 17 appended to Allgemeine Automobil-Zeitung, vol. 3, 
nos. 38, 35, 37. 8 pp., 46 figs. dp). Description of the testing laboratory 
of the Protos Automobile Company, Nonnendamm, Germany. In addition 
to the usual apparatus for mechanical testing, this laboratory is fitted 
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With a Complete installation for Inetallographic investigation and micre 


photography In testing, particular attention is paid to the uppearanes 


of the surface of fracture, as well-as to tests for homogeneity of struc 


ture of the metal in general, and in particular to the presence of segre 


vated particles of sulphur and phosphorus. For the latter purpose the 
Heyn test is used: the piece of metal is ground and polished along and 


across the grain, and etched by suitable chemicals For etching of 


polished surface, see A. Martens and FE. Heyn, Handbuch der Materia 
kunde (Berlin 1912), vol, 2, pt. A. p. 178 ff. 


iy 


PurRE Zinc Pires (Rein-Zinkrohre. M. Haustechnisehe 
13. nO. >. }) i. September 1 1912. ] ) Be 


Rundschau. vo 





figs. d). Description of ne 
) 
+ se 
Pressure 
Reducing 
Valve . 
| 
| 
Fic. 7 Divine Apparatus WESTFALIA 
pipes of German manufacture for use in house water piping. The advant 
ages claimed for them in comparison with lead and galvanized iron pipes 
are: they are less affected by water and its impurities than either of th 


latter; they do not give rise to local 


electric currents due to the contact 


of two different metals (in the case of galvanized 


iron pipes) and rapid 
destroying the pipes ; even if some zine be dissolved ly the wate 
it is harmless. Tests at the Royal Lahoratory at Gross Lichterfelde Wes 


have shown that mechanically zine pipe is much stronger than lead pipe 


It also gives a very strong welded joint. 


Miscellanea 
New Divinc APPARATUS WESTFALIA (Die neuen Tauchgcerdthe “ West 
falia.”’ Grahn. Gluckauf, vol. 48, no. SG, p. 1448, 


| September 4, riz. 3 


pp.. 5 figs. d). By invitation of the German Navy Office 


several firms 
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have endeavored to construct a diving apparatus without air pipe, such as 


might be used by the crew of a submarine in case of accident. Such 
an apparatus built by the Lubeck Dredging Machinery Company was de 


scribed in THE JOURNAL, September 1912, p. 1584. The present artick 
treats of one by the Westfalia Armaturen- und Maschinenfabrik 


senkirchen, Germany. Both factories had, previous to 


in Gel 
the construction of 
diving apparatus, a large experience in the manufacture of 
paratus for miners and firemen. As shown in Fig 


similar ap 
i the diver carries 
on his back a regenerator tank taking care of carbon dioxide and water 
vapor from breathing, while below it are steel flasks with gas for breath 
ing This gas is not pure oxygel s poisonous when at 


pressure ( cp. Deutsche medizinische Wochenschrift, no. 32, 1912), 





Q 


‘| 
G 


Fic. FRANZ Maass anp Hart { . Pire § 


a mixture of oxygen and compressed proportion that even at 


a depth of 50 m (164 ft.) corresponding to a pressure of 6 atmospheres 
absolute the contents of oxygen does not exceed 23 per cent. Various ra 
tios of the mixture are used for work at various depths; thus, for 20 


Xygen and oo per cent nitroget 


30 m (65 to OS ft.) 45 per cent ox; 
while for depths from 50 to GO m (164 to 196 ft.) 30 per cent oxygen and 
70 per cent nitrogen. The oxygen and air or nitrogen are not kept in 
separate vessels, but the flask is first filled wit nupressed air u i 
certain pressure, and the oxygen is then pumped in, special being 
used for the determination of the pressure corresponding to certain percent 
ages of oxygen in the mixture. The pressure-reducing valve between the 
steel flasks and injector is so arranged as to vary automatically the 
amount of gas admitted in proportion to the water pressure, the diving 
outfit being thus always filled and permitting of easy and comfortable 
breathing. The compressed gas mixture serves also to drive the injector 
which, with the help of suitably arranged piping. takes the vitiated air 
from the upper part of the helm and returns it thither after it has passed 


through the regenerator and become free of the carbon dioxide and mois 
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Lure, On the front side are placed two flasks with compressed air, to be 
used for rapidly filling the diving suit when the diver wants to come to the 
surface quickly. The manometer permits him to see what supply of 
air and oxygen he still has at his command. ‘The article also describes 
a Second diving outfit without helm or diving suit, for use for short stay 
under water or in case of emergency, e.g. accident to a submarine. 

LIQUEFACTION OF HYDROGEN WITH NO CoLp Losses (Verfliissigung des 
Wasserstoffs bei Vermeidung von Kidltererlusten, K. Olszewski, Krak. Ane. 
1912. pp. 1 to 27, through Beibldtter zu den Annalen der Physik. vol. 36. 
no. 18, p. VEO. d) Description of the lmproved Olszewski hydrogen lique 
fier, thermostat for temperatures from 10 to OF deg. cent 
liquefaction plant in Krakau, Austria. 

Porous Merats (Les métaus poreaia, H. 1. Hannover, Revue de métal 
lurgie, vol. 9, no. 9, p. G41, September 1912. 5 pp., 7 figs. dt) General 
remarks on the solidification of metallic alloys, and description of the 
author’s method of producing porous metals, chiefly lead plates for a 
cumulators (eutectic alloys). 

ADJUSTABLE Piprk Supports (Verstellbare Rohrtriger. Prometheus, vol. 
25, no. 1194, p. 799, September 14, 1912. 1 p., 5 figs. d). Deseription of an 
adjustable pipe support to be used either when the position of a pipe has 


t 


to be changed, or when the original support has been placed incorrectly 


By unscrewing the two bolts, the pipe may be adjusted for practically 


any desired position within a fairly wide range of variation (Fig.S). 


DrepGes (Les dragues, A. Baril, Rerue de mécanique, vol. 31, no. 2, 


p. 111, August 31, 1912. 43 pp., S2 figs. d) Description of dredges, mainly 


for harbor work, European types 


Supplementary References 

PREHEATING THE AIR IN INTERNAL COMBUSTION ENGINES (April and May 
1912, pp. 615 and 7938). Cp. another report of same article in Power, 
October 15, 1912, p. 5€5, and an article on the same subject in Gas 
Engine (Vreheating Gas Engine Charge, no. 10, 1912, p. 538). 

THEORY OF STEEL-WELDING (June 1912, p. 961). The same article re 
ported in Acetylene Lighting and Welding Journal, September 1912, p. 205 

SOMETHING Apovut Divina (October 1912, p. 1584). For a dese ription of 
the Lubeck diving apparatus see also Scientific tmerican, October 


1912, p. 284 





REPORTS OF MEETINGS 
MEETINGS ON SMOKE ABATEMENT 


Che problem of Smoke Abatement has been considered at two recent meetings 
of the Society, George H. Perkins, head of the engineering department of the 
Lowell Textile School, giving his report on the International Smoke Abatement 
exhibition and Conference, held in London in March and April 1912, at which 
he represented the Lowell Textile School and also the Society 

\t the first of these, a jomt meeting ol the Philade Iphia Section and the Engi- 
neers Club of Philadelphia, held in that city on October 5, a paper on Methods 
ind Means of Smoke Abatement, was presented by the author, O. R. McBride 
of Pittsburgh, following Mr. Perkins’ report, and was profusely illustrated with 
lantern slides Palks on the sanitary aspect of the smoke problem were given by 
Dr. Andrews Allen, representing the County Medical Association, and Dr. Anders, 
both trae ing the relation between the presence ol smoke in the atmosphere and 
the spread and virulence of disease John M. Lukens, chief of the Bureau of 
Boiler Inspr etion ol Philadelphia, Pave a brief sketch of the municipal efforts in 
the direction of smoke abatement in that city, and quoted figures to show that 
thout) 500 smoke-consuming appliances have been installed there Henry S 
Morris recommended for this purpose the wider use of gaseous fuel as both a 
cleaner and on the whole a more economical method than burning coal in the 
lurnace Henry J Hartley, on the other hand ascribed “a large part of the 
smoke nuisance to the desire ol manutacturers to get out ot a boiler more than 
its Capacity, and to their trying to force through more fuel than the grates can 
take care of properly. W. C. Furber said that smoke inspectors are on duty 
in Washington until six o’clock each evening and that the hotels may smoke as 
much as they want to after that hour Prof. Robert H. Fernald insisted on the 


necessitv ol eliminating the political factor trom the proble Ih of smoke preven- 


tion, and of exceedingly careful study of the type of furnace and other condi- 


tions. In conclusion he made favorable mention of the work done in this direc- 
tion in Cleve | ind 

At a meeting of the members in New York and vicinity, held on October 8 
more than 300 members and representatives of various municipal and technical 
organizations were present. Following Mr. Perkins’ report, Paul P. Bird told 
how the smoke problem is being solved in Chicago and what the smoke depart- 
ment there is doing in this. respect Prof. O. P. Hood, representing the United 
States Bureau of Mines, followed him with a statement of the attitude of the 
Government on this problem Lieut. James Reed, formerly assistant director 

Public Works of Philadelphia, and John M. Lukens, pointed out the umportant 
role of the railroads in this respect 

lhe scientific side of the problem of smoke prevention was taken up by Prof 
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L. P. Breckenridge of Yale University, who concluded by stating that with th 
data now available, and knowing the volatile content in a coal and rate of com 
bustion, it is entirely possible to design furnaces properly The same line of 
discussion was continued by Professor Kent and Dr. Jacobus, who showed that 
smoke may be prevented and explained the difficulties in the way of its complet« 
elimination. Mr. Adler closed the discussion by a review of the principles of 
combustion, demonstrating that the essential conditions of smoke abatement 
are a long flame length, more refractory and better firebrick, and a high chimney 

Written discussions were submitted by Charles T. Main, Horace C. Porter 
of the Bureau of Mines, Pittsburgh, Prof. J. A. Moyer, Perry Barker, H. V. O 
Coes, Dean C. H. Benjamin, E. C. Fisher, C. 8. Davis of the William B. Pierce 
Co., Buffalo, N. Y., George R. Henderson, J. 8. Shoemaker of Cumberland 
Mills, Me., E. A. Uehlung, and M.C. Huyette of Murphy Iron Works, Buffalo 
se # 

BOSTON MEETING, OCTOBER 16 


The first meeting of the season in Boston was held on October 16, the Bosto 
Society of Civil Engineers and the Boston section of the American Institute of 
Electrical Engineers coéperating with the Society. A paper on the Water Power 
Development of the Mississippi River Power Company at Keokuk, Iowa, was 
presented by Hugh L. Cooper, chief engineer of the company. By way of in- 
troduction Mr Cooper showed a few slides illustrating notable features of othe 
undertakings. The immense undertaking at Keokuk and its several parts in 
various stages of progress were very fully illustrated and described 

In the discussion of the paper which followed, E. L. Galusha, engineer with 
the Stone and Webster Engineering Corporation of Boston, presented an illus- 
trated description of the main electrical features of the plant, including the gen- 
erators, switching and other power-house equipment, and transmission line 
construction. 











